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Instructions

Pre-compiled binaries: for (Debian 9+/Ubuntu and Centos 7+, Python 3.6+).
Quick start:

>> pip install selm-lammps

test: >> python -c "from selm_lammps.tests import t1; t1.test()"

Alternatively, can use docker run -it ubuntu:20.04 /bin/bash; (use python3).

Examples, docs, source: see http://mango-selm.org/

Directories:

* src/USER-SELM: main C/C++ interface codes for SELM package
+ examples/USER/selm: example models and simulation scripts

* lib/selm: library of SELM integrators and related algorithms

Installing Python components (uses lammps.py, lammps.so):

« Recommended to use conda or virtualenv with python >=3.6

« Examples for Jupyter notebooks, python scripts, for running simulations.
« See README files for more details.

Jupyter Notebooks and Python-based Simulations:

» Uses python-interfaces to LAMMPs.

* L.command(cmd_str); runs the command in cmd_str.

* Model building using python wrapper
* sets up particles
* sets up interactions, many possible types and potential available
» sets up the simulation parameters.
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Please join our mailing list for the announcement of updated releases.

« Download Latest Release

Download: http://mango-selm.org/

Python and Jupyter notebook interfaces

Y
jupyter th
"’ P python
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‘ Mango-Selm package for
Fluctuating Hydrodynamics Modular Design and Extendible
Download: http://mango-selm.org/
Selm - Simulation Package:
SELM fluctuating hydrodynamics for fluid-structure interactions subject to thermal fluctuations. &g#::e
* Python, Jupyter notebooks, and other scripting for model building and simulation.
« Stochastic numerical time-step integrators for inertial and quasi-steady physical regimes in (C/C++). [—]\m( SELM Package
i t " output
Molecular dynamics integration with LAMMPS — T
« Modeling, interactions, many potentials, statistical analysis. LAMMPS -
+ Thermostats and many ensembles possible such as Lees-Edwards for shear simulations. s
Standardized formats | LAMMPS
+ XML for parametrization and data output. [USER-SELM ][ Im;‘:cj;ns ][ Data Output ]
» VTK output for continuum fields and microstructures (visualization / analysis). $
Mango — GUI for Model Building: SELM Time-Step Integrator
Graphical User Interface (GUI) for setting up model geometry and simulation parameters. [ Eulerian | [Fluid-Structure‘ [ Lagrangian |
i Mechanics Coupling Mechanics
» Generates scripts and data files for SELM fluctuating hydrodynamics simulations. w w w
: | Custom Force [XML Interface [ Data Output
. . . . . . . Interactions
Extendible object-oriented architectures for inclusion of new numerical methods. At
zberger 2016
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Vietivation's

Stochastic Immersed Bouncdary Veihocds (SIBVls)
Eulerian-Lagrangizn Viethods (ELMs)
Itnolicii-=-Solverit Cozirsg-Crairige (5-CC) Sirnulzitions
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Gels (Actin) Colloids
Soft Materials / Complex Fluids

* Microstructure interactions on the order of KgT.

» Properties arise from balance of entropy-enthalpy.

« Solvent plays important role (interactions / dynamic responses).

Approaches
« Atomistic Molecular Dynamics.
« Continuum Mechanics.
» Coarse-Grained Particle Models (solvated or implicitly treated).
+ Challenges from phenomena spanning wide temporal-spatial scales.

Simulation Aims

* Investigate how larger-scale mechanics arise from microstructure interactions / kinetics.
« Capture roles of solvent mediated interactions efficiently (i.e. continuum level).

» Resolve microstructure mechanics and dynamics.

« Computational efficiencies allow for accessing larger length and time-scales for

investigating wider class of phenomena.

Paul J. Atzberger http://atzberger.org/
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Fluctuating FHydredynamics

Brownian Motion: Molecular Collisions Continuum Gaussian Random Field

Challenges for analysis and numerical methods presented

Fluctuations arise from spontaneous momentum
from the d-correlation in space-time.

transfer from molecular-level collisions.
Stochastic model of thermal fluctuations captured Fluid-structure interactions: How to incorporate tractably?
through random stress 2 ~ Gaussian.

UC Santa Barbara
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Stechastic.Eulenanillagrangian Viethedsi(SELNIS) o Eluid-Structurelnteractions

Fluid Equations

U Lut AY(v —Tu) + A+ X

Microstructure Equations /—

ax -

dt -

m‘fi_: — Y (v—Tu) - Vx®[X] + ¢ + F.

Operators:

L ——> Fluid dissipation (viscosity).
——> Structure “slip” relative to local flow field.

T
Thermal Eluctuations [' ——— Kinematic particle velocity for given flow.
A ——— Induced fluid force density from particle.

(foum(9)E0,. (1)) = —(2kpT) (L — AYT) §(t — s)
(Fon(s)FL (1)) = (2kpT)Yo(t—s) Notation: o
(£ (5)FL (1) = — (2kpT) ATO(t —s). u =u(x,t) —— Fluid velocity.
X = X(q,t) —— Structure configuration

v =v(q,t) —— Structure velocity.

Peskin, Kramer, Atzberger 2007, Atzberger 2011
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Ihenmoestats

Berendson, Nose-Hoover

V.

missing correlations through solvent!

 particle momentum .S
! ! a
dv
(qu?glr\:\%Tjtes) - md_t - “_ VX(D[X] + C + Fthm

lateral momentum transfer : correlations

Paul J. Atzberger
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Coupling Operaters; ImmersedBoundany/,Methods
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SELM Coupling:

adjoint condition
TeE = S = [ v (AF) (dx =
; Q
IB-Kernel coupling:

Fu = /Q n(y — X(t)) uly, t)dy

AF = 5(x—X(t)F.

Generalized Coupling (Faxen)

Tou=3 {(m0Vm— Xew+2) Um )5, A3

m
m

(v, AF)

3
m

Ao(Xm) = (( M0(Xm — (Xem +2)) >S1|z|=R) F

MaGtm) = =5 (o = (Ko +20) g e) ¥ T
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Summary. of Regimes for. SELMS

Stochastic Eulerian Lagrangian Methods (SELMs)

Fluid dynamics:

P2 = pdu—Vpt A[T(v ~ Tu)) + £,

Vu = 0

Structure dynamics:
dX

=
dv
i
Thermal Fluctuations
(fon (8)EL, (£)) —(2kBT) (pA — AYT) 6(t — s)
(Fon(s)FL(£) (2kpT) T8(t — s)
(Foum (5)FL (1)) — (2kgT) AY8(t — s).

= Vv

T (v—-Tu)-Vx®X|+(+F,,

Microstructure-fluid no-slip coupling (S-Immersed-Boundary)

Microstructure density matched with fluid

Fluid-structure dynamics:
b _
ar 7
dX

e P~ Tp+ T =Vx®(X)| + ¢ +
Vx - A =Tr[VxA]

Thermal Fluctuations:

(8o (5)8ihm (1)) = — (2kBT) L(t — 5)

(G (5)GL (1)) = (2kpT) Y1 5(t — s)

(Bu (5)G L, (1) = 0.

“ILp 4+ A[-Vx O(X)] 4

Phase space compressibility (p,X).

» Structure momentum no longer tracked.
» Removes a source of stiffness.
* Non-conjugate Hamiltonian formulation yields metric-factor in phase-space.

Microstructure-fluid stress balance

— 00

Fluid-Structure Equations: T—oo Fluid-Structure Equations: H

dp -1 dX

g =p Lp+ A[*VX@(X)] @ A+ Zetm E = HSELM[_VX(D(X)] +( hthm

ﬁ _ —1I\p HSELM - F(*ﬁoﬁ)ilA

dt
Thermal Fluctuations: Thermal Fluctuations:

(Bum ()85 (1)) = — (2kBT) L3(t — 5). (Mo ()0, (1)) = (2kBT) Hspin 6(f — s).
* Structure dynamics no-longer inertial. * Fluid momentum no longer tracked.
» Removes additional sources of stiffness. » Balance of hydrodynamic stresses with elastic stresses.
» Regime of the Stochastic Immersed Boundary Method. » Removes additional sources of stiffness.
» Phase-space metric reflected in the drift term. » Regime of the Stokesian-Brownian Dynamics (Brady 1980, McCammond 1980’s).

» Phase-space metric reflected in the drift term.
Atzberger & Tabak 2015
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Selm Codes: Desi

Paul J. Atzberger

SELM - Source Codes:

LAMMPS-SELM Interface
fix_SELM.cpp

gniandimplementation

XML Interface
Atz_XML_Helper_ParseData.cpp

fix_SELM_XML_Handler.cpp

Atz_XML_Package.cpp

SELM_Package.cpp

Atz_XML_Parser.cpp

Atz_XML_Handler_Example_A.cpp

Atz_XML_SAX_DataHandler.cpp

Atz_XML_Helper_DataHandler_List.cpp

Atz_XML_SAX_Handler_Multilevel.cpp

Atz_XML_Helper_Handler_SkipNextTag.cpp
Eulerian Mechanics
SELM_Eulerian.h

Atz_XML_SAX_Handler_PrintToScreen.cpp
Lagrangian Mechanics
SELM_Lagrangian.h

SELM_Eulerian_Types.h

SELM_Lagrangian_Delegator_XML_Handler.h

SELM_Eulerian_Delegator_XML_Handler.h

SELM_Lagrangian_LAMMPS_ATOM_ANGLE_STYLE.h

SELM_Eulerian_LAMMPS_SHEAR_UNIFORM1_FFTW3. h

SELM_Laérangian_LAM-MPS_ATOM_ANGLE_STYLE_XML_Handler.h

SELM_Eulerian_LAMMPS_SHEAR_UNIFORM1_FFTW3_XML_Handler.h

SELM_Lagrangian_Types.h

SELM_Eulerian_Uniform1_Periodic.h

SELM_Package.h

SELM_Eulerian_Uniform1_Periodic_XML_Handler.h
Time-Step Integration
SELM_Integrator.h

Fluid-Structure Coupling
SELM_CouplingOperator.h

SELM_Integrator_Delegator_XML_Handler.h

SELM_CouplingOperator_Delegator_XML_Handler.h

SELM_Integrator_FFTW3_Period.h

SELM_CouplingOperator_LAMMPS_SHEAR_UNIFORM1_FFTW3_TABLE1.h

SELM_Integrator_LAMMPS_SHEAR_QUASI_STEADY1_FFTW3.h

SELM_CouplingOperator_LAMMPS_SHEAR_UNIFORM1_FFTW3_TABLE1_XML_Handler.h

SELM_Integrator_LAMMPS_SHEAR_QUASI_STEADY1_FFTW3_XML_Handler.h

Features:

Object-oriented C++ classes mirroring parts of SELM with XML parameter files.
Delegator design pattern is used to control the work-flow.

Four main SELM classes correspond to:
* Eulerian Mechanics
« Lagrangian Mechanics

*  Fluid-Structure Coupling (Eulerian-Lagrangian communication)

« Time-Step Integration

Additional classes for XML parsing, data generation.
Designed to be easily extended for new types of SELM formulations and integrators.

http://atzberger.org/
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Mango - Modeling Software:

G
(x

[ ™ SELM Builder 2
File Windows Help

[ Main [ Lagrangian DOF | Eulerian DOF |{ Coupling Operators | Interactions | Integrator | Preferences

Coupling0p [LAMMPS SHEAR UNIFORML FFTW3 TABLEL

MANGO Model Builder for
Stochastic Eulerian Lagrangian Methods

Version 2.1.1
Paul J. Atzberger

Add Coupling Operator |v| | Editor

Setting up interactions panels.

Coupling Operator: |Coup|ing()p

Jython Interactive Editor 1.0 : Implemented by Paul J. Atzberger, Copyright 2011,
Choose Lagrangian |v| |Chonse Eulerian ‘v‘ | Add ” Remove |
Name CouplingOp | |startup Script for SELM Jython Intepreter
Type LAMMPS_SHEAR UNIFORML FFTW3 TA... ;:
Lagrangian List [Particles] Written by Paul J. Atzberger
Eulerian List [LAMMPS SHEAR UNIFORM1 FFTW3] Date: March, 2011.
Dperator Type [T KERNEL 1 .
Weight Table Filename fhome/atzbergiresearch/Mango-Selmt... :
:::itblc:mr | [Model Build Package 1 : Authored by Paul J. Atzberger : Version 1.0
| |setup appears to have completed with no known errors.
H ]
: Restart Run Script
Llntera:tin Editor B = LLagrangian DOF Editor B = LCoupIing Operator Editor B x Output B = L]ython Shell B x

T Atzberger 2016
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application_Main java

cation Project Atz XML DataHandler LAMMPS USER SEL
Atz_XML_DataHandler_SELM_Builder java

SELM_RenderView.java

PTS BASIC1.java

ableData_CouplingOperatorList.java

JPanel_Lagrangian_CONTROL_PTS_FAXEN.java

TableData_EulerianList java

appiramn SharedData java
ion_Window_About java
gpjcahon Window_Main java

JPanel_Lagrangian_LAMMPS_ATOM_ANGLE_STYLE java
JPanel_Lagrangian_NULL java
JPanel_Lagrangian_SPECTRAL_FILAMENT1.java

TableData_EulerianList_old java
TableData_| Negratorl.lsuaw
TableData_lnteractionList java

al Window Main ) Thread. JTable CouplingOperator LAMMPS SHEAR UNIFORM1 FFTW3 TABLE1 java TableData LagrangianList |

appiication W\ndnw Splash. Java JTable_Interaction.java TableData_LAMMPS_pair_ mell tableFilename java
Az | 1 Data_C jon.java JTable_Interaction_LAMMPS_ANGLES java TableEditor_CouplingOperatorList java

Atz CIassLoaderlava JTable Interaction LAMMPS BONDS java TableEditor EulerianList java
Alz_ClassLoader_Regssirylnfo.java JTable_Interaction_LAMMPS_CUSTOM1 java TableEditor_IntegratorList java

Atz_DataChangeable java

JTable_Interaction_LAMMPS_PAIR_COEFF java

Atz_DataChangeEvent java

TabteEdnor InteractionList java

JTable_Interaction_LAMMPS_PAIRS_HARMONIC java

ianList java

Atz_DataChangelListener java
Az_File_Generator i

JTable_Interaction_LAMMPS_SPECIAL_BONDS java
JTable_Interaction_PAIRS. HARMONICgva

TableEditor LAMMPS_PAIR_COEFF_tableFilename java
TableModel_CouplingOperator java

Atz_File_Generator_LAMMPS_USER_SELM1 java JTable_Lagrangian_ControlPts_BASIC1.java
Atz_FileFilter java JTable_Langrangian CONTROL_PTS java

TadleModkl CoupingOperabor B1,2va
ableModel_CouplingOperator_LAMMPS_SHEAR_UNIFORMi_FFTW3_TABLE1 java

Atz Helper Generic java

JTable MainData java

TatieModeI CouplingOperator TABLE1 tmp java

Atz_Object_Factory java
Atz_Object_Factory_Generic java

JTable_MainData_XML_LAMMPS_USER_SELM java
JTabIe MalnDala XNL SELM Buldeqara

‘ableModel_CouplingOperatorList java
TableMode |_Eulerian.java

Alz_Struct_DataChangeEvent java JTable_f Oﬂmrjm TableMode!_Eulerian_LAMMPS_SHEAR_UNIFORM1 FFTW3 java
Atz_Struct_DataChangeListener java JTable_Pi R ing java TableModel_Eulerian_SHEAR_UNIFORM1_FFTW3 java
Atz_Struct_DataChangeListener_MainData java JTable_F TableDisplay java Eulerian_SHEAR_UNIFORM1_FFTW3_old java

Atz_Struct_DataChangeListener_Test1 java
L Struct DataContainer.java

JTableHeaderRender_Default1 java
SELM GoupingOperahr Java
SELM CouplingOperator I1B1 java

TableModel_Integrator java
TableMode!_Integrator LAMMPS_SHEAR_QUASI_STEADY1_FFTW3 java
TableModel Imgraw LAMMPS SHEAR1.java

Atz Struct DataContainer MainData.java
Atz_Struct_Datali java

SELM_CouplingOperator_LAMMPS_SHEAR_UNIFORM1_FFTW3_TABLE1 java

SELM_SHEAR1_old java

Alz_XML_Helper_Handler_EulerianRef java

SELM_CouplingOperator_NULL java

Atz_XML_Helper_Handler_LagrangianRef java
.IDllog_Edl CouphngOperamrLlsLja\rd

SELM_CouplingOperator_XML_DataDelegator.java
SELM_Eulerian java
SELM_Eulerian_LAMMPS_SHEAR_UNIFORM1_FFTW3 java

TableModel_Interaction.java
TableMode!_Interaction LAMMPS_ANGLES java
TableModel | " LAMMPS_BONDS java

SELM_Eulerian_NULL java

LAMMPS_CUSTOM1 java

SELM_Eulerian_SHEAR_UNIFORM1_FFTW3 java

TableModel_Interaction_LAMMPS_PAIR_COEFF java

SELM Eulerian UNIFORM1 FFTW3 java

Generate_LAMMPS_USER_SELM java
ress.java

ableModel Interaction LAMMPS PAIRS HARMONIC java

SELM_Eulerian_XML_DataDelegator java
SELM_Eulerianinterface LAMMPS ava

TableModel_Interaction_LAMMPS_SPECIAL_BONDS java
TabebodeInracionL st va

rator.|

ian java

JPanel_CouplingOperator_IB1 java
JPanel_CouplingOperator LAMMPS_SHEAR_UNIFORM1_FFTW3_TABLE1 java

TmieMDdel Lagrangian_CONTROL_PTS_BASIC1 java

SELM_Integrator_BD1 java
SELM_Integrator_LAMMPS_SHEAR_QUASI_STEADY1_FFTW3java

TableModel_Lagrangian_CONTROL_PTS_FAXEN1 java
TableMode| Lagranglarl LAMMPS_/ ATOM ANGLE_STYLE java

JPanel_CoupiingOperator_NULL java SELM_| LAMMPS_SHEART java TableModel_L SPECTRAL_FILAMENTA java
JPanel_Demo1.java SELM_Integrator_NULL java TableModel jianList.java

JPanel_Edit java SELM_ SHEAR1 java TableModel_MainData java

JPanel_Edit lmerannont_lstjava SELM_Integrator_XML_DataDelegator java TableModel_Preferences_Other java

JPanel Edit LagrangianList java SELM I nterface LAMMPS i TableModel Preferences Rendering java
JPanel_Editor_CoupiingOperator java SELM_IntegratorRenderView java TableModel_Preferences_TableDisplay. java
JPanel_Editor_Eulerian_DOF java SELM_Interaction java TableModel_Properties1_Test1 java

JPanel_Editor_Integrator java

SELM_Interaction_LAMMPS_ANGLES java

TableRenderer_CouplingOperatorList java

JPanel_Editor_Interaction java

SELM_Interaction_LAMMPS_BONDS java

TableRenderer_EulerianList java

JPanel_Editor_Lagrangian_DOF java

SELM_| ion_LAMMPS_CUSTOM1 Java

TableRenderer_| IntegratorList java

JPanel_Editor_Test1 java

SELM_ ion_LAMMPS_PAIR_COEFF java

ist java

JPanel_Eulerian.java

SELM_Interaction_LAMMPS_PAIRS_HARMONIC java

TableRenderer_LagrangianList java

JPanel Eulerian interface

SELM Interaction LAMMPS SPECIAL BONDS java

TableRenderer LAMMPS pair coeff tableFilename java

controlActionListener.java
JPanel_Eulenan_LAMMPS_SHEAR_UNIFORM1_FFTW3 java
JPanel_Eulerian_NULL java

SELM_Interaction_NULL java
SELM_Interaction_PAIRS_HARMONIC java

XML ContentHandler java

JPanel_Eulenian_SHEAR_UNIFORM1_FFTW3 java

SELM_Interaction_PAIRS_TABLE java

Atz_LinearAlgebra.java

JPanel_Eulerian_UNIFORM1_FFTW3 java

SELM ion_TARGET1 java

Az3D_Camera java

JPanel_Helper_( CnuplngOperamr GenencTableJava
JPanel_Helper_Eulenan_GenericTable java

SELM_Interaction_XML_DataDelegator java
SEIM Imeracmwfaue LAMMPS java

Atz3D_FElement java
Az3D_Element_LinePairs.java

JPanel_Hel Integrator_GenericTable java SELM Imera:bonrnberfar,e LAMMPS_ANGLES java Atz3D_Element_Lines.java
JPanel_Helper_Interaction_GenericTable java SELM LAMMPS_BONDS java Az3D_Element_Points java

JPanel_Helper_Lagrangian_GenericTable java

SELM_Interactioninterface_LAMMPS_PAIR_STYLE java

JPanel Integrator.java

Az3D_Element_Points_DataClosest java

SELM Interactioninterface LAMMPS PAIR STYLE TABLE.java

JPanel_| _BD1 java
JPanel_Integrator_LAMMPS_SHEAR_QUASI_STEADY1_FFTW3 java

Az3D Modeljava

SELM_InteractionRenderView java

Az3D_Model_SELM java

JPanel Integrator NULL java

JPanel_Interaction.java

SELM_L java Atz3D_Renderer java
SELM ng@gian CONTROL _PTS BASIC1 java Az3D Renderer SELM.java
SELM_Lagrangian_CONTROL_PTS_FAXEN1 java JPanel_Model_View_Composite java

JPanel_Interaction_LAMMPS_ANGLES java
JPanel_Interaction_LAMMPS_BONDS java
JPanel_Interaction_LAMMPS_CUSTOM1.java

SELM_Lagrangian_interface java
SELM_Lagrangian_LAMMPS_ATOM_ANGLE_STYLE java
SELM_Lagrangian_NULL java

JPanel_Model_View_Composite_XML_SELM_Builder_java
JPanel_Model_View_RenderPanel java

JPanel_Model View_RenderPanel_XML_SELM_Builder java

JPanel_Interaction_LAMMPS_PAIR_COEFF java SELM_L igian_SPECTRAL_FILAMENT1 java
JPanel_Interaction_LAMMPS_PAIRS_HARMONIC java SELM_Lagrangian_wrapper java Atz_Unit java
JPanel_Interaction_LAMMPS_SPECIAL_BONDS java SELM_Lagrangian_XML_DataDelegator java Atz_UnitsData java

JPanel_Interaction_NULL java

SELM_Lagrangianinterface_LAMMPS java

Atz_UnitsRef java

JPanel_Interaction_PAIRS_HARMONIC java

SELM_LagrangianRef XML_DataHandler java

Atz_UnitsRef_PhysicalUnits java

JPanel Interaction TARGET1.java

SELM LagrangianRenderView. java

JDialog Edit Units Refjava

Atzberger 2016



http://atzberger.org/

\ViangeIVIGAEIING Sofitware

MANGO - Codes

SELM-Builder

‘application_Main_java

‘application Project Atz XML DataHandler LAMMPS USER SELM.java
‘application_Project_Atz XML_DataHandler_SELM_Builder java
‘application_ SharedDataj Java
-application_Window_About java
‘application_Window_Main java

‘application Window Main SetupThread.java
‘application_Window_Splash.java
Atz_Application_Data_Communication.java

Atz ClasslLoader java
Atz_ClasslLoader_Registrylnfo java
Atz_DataChangeable_ java
Atz_DataChangeEvent java
Atz_DataChangeListener_ java
Atz_File_Generator. java

:A1z File_Generator LAMMPS_USER_SELM1 java
Atz | FileFilter | java

Atz Helper Generic.java
Atz_Object_Factory java
Atz_Object_Factory_Generic java
Atz_Struct_DataChangeEvent java
Atz_Struct_DataChangelListener java
Atz_Struct_DataChangelListener_MainData.java

Features:

JPanel Lagrangian.java

JPanel Lagrangian CONTROL PTS BASIC1.java
JPanel_Lagrangian_CONTROL_PTS_FAXEN1 java
JPanel_Lagrangian_LAMMPS_ ATCIM ANGLE_STYLE java
JPanel Lagrangian NULL java

JPanel Lagrangian SPECTRAL_ FILAMENT1 java
JTable CouplingOperator LAMMPS SHEAR UNIFORM1 FFTW3 TABLE1 java
JTable_Interaction.java
JTable_Interaction_LAMMPS_ANGLES java

JTable Interaction LAMMPS BONDS java
JTable_Interaction_LAMMPS_CUSTOM1 java
JTable Interactlon LAMMPS PAIR_COEFF java
JTable_Interaction_LAMMPS_PAIRS_HARMONIC java
JTable_Interaction_LAMMPS_SPECIAL_BONDS java
JTable_Interaction_PAIRS_HARMONIC java
JTable_Lagrangian_ControlPts_BASIC1 java
JTable_Langrangian CONTROL_PTS java

JTable MainData.java

JTable MainData XML_LAMMPS_USER_SELM java
JTable_MainData_XML_SELM_Builder.java
JTable_Preferences Other java

JTable Preferences_| _Rendering_java

JTabIe Preferences_TableDisplay_ java

Object-oriented classes in Java mirroring parts of SELM.
Dynamic object loaders for delegator design pattern for control flow (extension after compiled byte-codes).

Four main SELM classes correspond to:
« Eulerian Mechanics
+ Lagrangian Mechanics

*  Fluid-Structure Coupling (Eulerian-Lagrangian communication)

+ Time-Step Integration

Designed to be easily extended for new types of SELM formulations and integrators.

Custom classes and interfaces for rendering models in 3D and interactively editing models.

Atzberger 2016
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Mango — Codes:

3D Rendering SELM Builder )

Atz_LinearAlgebra.java i
Atz3D _Camera.java -[@cee

Az3D_Element java
Atz3D_Element_LinePairs java
Atz3D_Element_Lines. java
Atz3D_Element_Points.java
Az3D_Element_Points_DataClosest java
Atz3D Model java
Atz3D_Model_SELM java
Atz3D_Renderer java

Az3D Renderer SELM java

JPanel Model View Composite java
JPanel_Model_View_Composite_XML_SELM_Builder java

JPanel_Model_View_RenderPanel java J

JPanel Model View RenderPanel XML SELM Bulderlava
RenderView O x

Atz_Unit java 7 :
m_um‘im ‘l:ltl';::r:";:::::il::e;:rii:ir:1.ﬂ + Implemented bv Paul J. Atzberaer. Copvriaht 2011.
Atz _UnitsRef java

Atz _UnitsRef PhysicalUnits.java
JDialog Edit Units Ref java

Features:
Rendering in 3D for interactively editing for model geometry.
Interactive editor features allow for
* interactive views of model
* adding / removing control points
« adding / removing bonds between points
» adding custom force interactions

Custom classes implemented for tracking physical units in tables.
Atzberger 2016
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ViangerGUIyiheniInterface

MANGO - Mode”ng Software:

Jython Interactive Interpreter:

Jython Interactive Editor 1.0 : Implemented by Paul J. Atzberger, Copyright 2011.

Startup Script for SELM Jython Intepreter

- ?é Jython it by ot . st

Date: March, 2011.

Model Build Package 1 : Authored by Paul J. Atzberger : Version 1.0
Setup appears to have completed with no known errors.
=== import pickle as p

e G000 >>> imEurt 0s
::: :.;p;ind(l); a.append(2); a.append(3)
[, 2, 31
Jython Terminal:
_ _ _ _ Python and Jupyter notebook interfaces
Custom classes implement interactive terminal based on Jython. o
Wrapper jython classes implemented for MANGO interface and SELM data structures. _
Editor features allow for Jupyter

* jython/python scripting to construct models
« custom GUI windows : interactive components in MANGO

)
* post-processing scripts P pgthon

« generation of SELM XML files from the constructed MANGO data structures.

Jupyter notebooks and Python interface now also available (directly with Selm-Lammps library).
Atzberger 2016
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Instructions

Pre-compiled binaries: for (Debian 9+/Ubuntu and Centos 7+, Python 3.6+).
Quick start:

>> pip install selm-lammps

test: >> python -c "from selm_lammps.tests import t1; t1.test()"

Alternatively, can use docker run -it ubuntu:20.04 /bin/bash; (use python3).

Examples, docs, source: see http://mango-selm.org/

Directories:

* src/USER-SELM: main C/C++ interface codes for SELM package
+ examples/USER/selm: example models and simulation scripts

* lib/selm: library of SELM integrators and related algorithms

Installing Python components (uses lammps.py, lammps.so):

« Recommended to use conda or virtualenv with python >=3.6

« Examples for Jupyter notebooks, python scripts, for running simulations.
« See README files for more details.

Jupyter Notebooks and Python-based Simulations:

» Uses python-interfaces to LAMMPs.

* L.command(cmd_str); runs the command in cmd_str.

* Model building using python wrapper
* sets up particles
* sets up interactions, many possible types and potential available
» sets up the simulation parameters.

ellle Q_' elf]lC Ue

Mango-Selm | Fluctuating

Home Downloads Screenshots Gallery Documentation

23

Downloads

e

Please join our mailing list for the announcement of updated releases.

« Download Latest Release

Download: http://mango-selm.org/

Python and Jupyter notebook interfaces

Y
jupyter th
"’ P python

Paul J. Atzberger http://atzberger.org/
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Python Jupyter Notebook

File Edit View Insert Cell Kemnel Widgets Help

+ pRun B € W  Markdown

Create Selm-Lammps instance

L = IPylLammps()

print_version_info();

Setup model geometry and interactions

(num_dim,2));

ox[:,8] LL; box[:,1] LL;

I_id 1; I type 1; atom_types I1;
atom_list [1; atom mass_list [1; atom_id list = [];

atom mol list [1; atom_name list [1:

atom_name
atom_name_list.append(atom_name);

atom_types.append(I_type);

num_pts = x.shape[@]; m@

JupyterNotebookiandiRyihoninternface

Issuing commands

Model configuration (generated file)

scripts by Paul

L.command (cmd_str);

Setup parameters

Python and Jupyter notebook interfaces

Jupyter

ﬁ python

Run simulation and analysis

print_log(line);

L.command(line);

Interface allows for:
» checking intermediate results

* resuming simulations
SELM XML files « perform analysis and visualization.
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Raraview ierVisualization

ParaView 5.8.0

File Edit View Sources Filters Tools Catalyst Macros Help

B BB o FREFE KAD>P DS tmele o [misom & @
bl R e e e x oo ‘;Q ;ﬁ L’: E:: “;g ;EE » |g|» doubleVolumeBrightness
l a r a VI eW EOPENOHc20w RUY R

Pipeline Browser BB | 5 Layoutzl O Layout#1 &

B buro: B @ @ o @ ek AN »RenderVien2 |[1]|[| 0| ®
) polymer ===
B all_beads
& 0 bonds_filterl

B indicator_2

WKitware (] m. el b

‘ polymer_beads

\ - 8 bounding_box1
-LosAlamos /2. A AR
NATIONAL LABORATORY HSE
[TSRTTH r
Lt
e —— Animation View X
Properiies | Information | Oulput Messages Mode:| Snap To TimeSteps ~ |Time:| 0 ~|o |=|{maxis 1000)

Output Messages @ Time b 500 1000

+ base_dir=J
| TimeKeeperl - Time

< | bonds_filterl  ~ || Requestinformation Script ~ ~

Show full messages SavetoFile..|| Clear |

*

Features:

* Processing VTK data output files (.vtp, .vtu, .vtr)

+ Selm python scripts for loading and visualizing models.

* Rendering capabilities and movie generation.

* Analysis capabilities for statistics and other model properties.
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RanticlesslinemmallFluctuationSiwithiEyaredynamiciCorrelations

Directory: Jupyter notebook:
examples/hydrol simulation_hydrol.ipynb

SELM via PyLAMMPs for Simulations

Author: Paul Atzberger
http:/latzberger.orgf

import os;
script_base_name = "simulation_particlesi";
script_dir = os.getcwd();

# import the lammps module

try:
from selm lammps.lammps import IPylLammps # use this for the pip install of pre-built package
lammps_import_comment = "from selm lammps.lammps import IPylLammps";

from selm lammps import util as atz util;

except Exception as e:
from lammps import IPylLammps # use this for direct install of package
lammps_import_comment = "from lammps import IPyLammps";
from atz_lammps import util as atz_util;

except Exceptlon as e: # If fails to import, report the exception
print(e);
lammps_import_comment = "import failed";

Setup LAMMPs Perform the simulation

L = IPyLammps();

y r ) ) # == Setup the SELM integrator
atz_util.print_version_info(L); fix 1 all =elm Main.SELM_params
LAMMPS output is captured by PylLammps wrapper
LAMMPS wversion: 29 Oct 2020 / 20201029

MPI version: LAMMPS MPI STUBS for LAMMPS version 29 Oct 2020

# feed commands to LAMMFs one line at a time
primt_log("Sending commands to LAMMPs");
for line im s.splitlines():
print_lng{line};
Setup the Model and Simulation Files (such as .read_data) L.command(line);

num_dim = 3;
box = np.zeros((num_dim,2));
LL = 282.5; box[:;8] = -LL; box[:;1] = LL;

# setup atoms

I id = 1; I_type = 1; atom_types =
atom_list = []; atom_mass_list = []
atom_mol_list = []; atom_name_list

[1
; atom_id_list = [];
= [1]

| J. Atzberger

particles w/ hydrodynamics

v
A

UC Santa
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RanticlesalinemmaliEluctuationsiwithiHyaredynamiciCorelations

Directory: Jupyter notebook: particle d_iffusion w/_
examples/particles1 simulation_particlesl.ipynb hydrodynamic correlations

SELM via PyLAMMPs for Simulations PY - ® o
Author: Paul Atzberger ® [ ] PY ®
http:/latzberger.orgf ()

@
_ i i °
import os; . . ‘
script_base_name = "simulation_particlesi"; [ ) [ ]
script_dir = os.getcwd(); o o ® ()
# import the lammps module
try:

from selm lammps.lammps import IPylLammps # use this for the pip install of pre-built package
lammps_import_comment = "from selm lammps.lammps import IPylLammps";
from selm lammps import util as atz util;

except Exception as e:

from lammps import IPylLammps # use this for direct install of package
lammps_import_comment = "from lammps import IPyLammps";
from atz_lammps import util as atz_util;

except Exception as e: # if fails to import, report the exception i ﬂ,, g
print(e); W IR e
lammps_import_comment = "import failed"; o "T’“""

E @

Setup LAMMPs Perform the simulation e

; L |

L = IPyLammps(); # == Setup the SELM integrator | P i »

atz_util.print_version_info(L); fix 1 all =elm Main.SELM_params i it

LAMMPS output is captured by PylLammps wrapper . . . ' [ i

LAMMPS version: 29 Oct 2020 / 20201029 # feidlcumﬂandgl to LAMMP Sd'ﬂ”i L Sl s | ‘{ v

MPI version: LAMMPS MPI STUBS for LAMMPS version 29 Oct 2020 print_log("sending commands to LAMMPs"); [

for line im =.splitlimes(): § (™ P &

print_leog(line); l . e, W
Setup the Model and Simulation Files (such as .read_data) L.command(line); l w 0
i '.‘_,__-v"’"-n ' ; : i,

num_dim = 3; L L

box = np.zeros((num_dim,2)); . |

LL = 202.5; box[:,8] = -LL; box[:,1] = LL; ] %

# setup atoms L

I id = 1; I_type = 1; atom_types = []; ‘-a\\

atom_list = []; atom_mass_list = []; atom_id_list = []; e

atom_mol_list = []; atom_name_list = []; \N

Paul J. Atzberger
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Directory:
examples/polymer4

Jupyter notebook:
simulation_polymer4.ipynb

Create Selm-Lammps instance

L = IPyLammps()

print_version_info();

yineEinenna

Setup model geometry and interactions

s{(num_dim,2));

ox[:,8] LL; box[:,1] LL;

I_id 1; I type 1; atom_types I1;
atom list = []; atom mass_list = []; atom_id list

atom mol list [1; atom_name list [1:

atom_name
atom_name_list.app (atom_name);
atom_types.append(I_type);
num_pts
t np.linspace(@, snum_pts}); R@

t)})*np.cos(3

x = np.stack((x1,x2

num_pts = x.shape[@]; m@

Run simulation and analysis

print_log(line);

L.command(line);

SELM XML files

L

T NN J L

© O 0N 1 V0N

00

o0

IR X

Polymer knot fluctuations w/ hydrodynamic correlations



http://atzberger.org/

Directory:
examples/polymer4

Jupyter notebook:
simulation_polymer4.ipynb

Create Selm-Lammps instance

L = IPyLammps()

print_version_in

Setup model geometry and interactions

I_id 1; I type 1; atom_types I1;
atom_list = []; atom mass_lis

atom mol list [1; atom name list [1;

atom_name

atom_nam

Run simulation and analysis

E L SRR

[1; atom_id_list
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Body Intel ceE
Eulerian-Lagrangian Mechanics Eulerian-Lagrangian Coupling Brownian Motion: Molecular Collisions Continuum Gaussian Random Field
SELM Inertial Regime I:
hydrodynamics thermal fluctuations
ou Fon(EL (1) = —(2kpT) (L —AYT)5(t — s)
- — A _ v A T -T f . m thm
Pot pAu = Vp+A[X (v —Tu)]+ (Fom($)ET (1) = (2kpT)Y4(t — )
Vou = 0. (Fom($)FT (1)) = —(2kpT)AYS(t — ).
microstructure
dX
—_ — v
dt
dv
SELM Overdamped Regime IV:
microstructure + hydrodynamics (quasi-steady) thermal fluctuations
% — Hou[-Vx®(X)] (b ()00, (D) = (2kpT) Hepoa 0(t — 5).
+ (VX ’ HSELM)]CBT + hthm
Hspin = F(—gaﬁ)-lA
Atzberger 2015
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brownianMotion_LJ_Fluid_hd720.mpg
fluctHydrodynamics_velocityField_passiveTracersFew_10x10x10_lag1.avi

Paul J. Atzberger

Force
[USERSELM ][ (e ][ Data Output ]

!

"

5 " SELM Time-Step Integrator

— Eulerian Fluid-Structure Lagrangian
=== [ Mechanics ][ Coupling Mechanics

Custom Force
[ TS [XMLInterface] [ Data Output ]

SELM Inertial Regime | (Verlet-stye temporal integration):
microstructure

vn—}—% — vn_i_ﬁm—an
2
- % (—m_lT (vn_% - I‘"u“_’i‘)
+ m—lgn—%)
X"+ = XM v EAL
hydrodynamics
1 At 1 1
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% (p—lA“ [—’r (v"-% - F“u‘”—%)

)
+ hnd
thermal fluctuations
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At 1
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MANGO-SELLMISImulation: Seftware

Rotne-Prager-Yamakawa
Fluid I I I I Effective IB Hydrodynamic Coupling Tensor HydrodynamlgCoupllngTenw
M m  rh === 1]
(ma] | 0 . 09 L 04 QBO
5 \
N ch hoohom NG »> sl B " o3 @ %m
= =77 -ﬁ\.l:_l ==y \ :? M ‘F\ Dg 9g_~RPY
/‘ 07 th)' 0.2 DD snr
‘ %6

m I s = S = T o N s e B Eosl o— ® ° :
Ottt w 8 tg =B @ ¢ Do,

< 08 L o 2 4

fum) o o4f ©3
=) () = = — —1[2
,q:::ﬂ" 2 A(r) = § 25T - H()| S
03 R {4 85
. fﬂ 02
Body Interface g
[ T .
0 2 4 6 8 101214 16 18 20 22 24 26 28 30 32 34

r (mesh widths)
(Translation-Translation)

" .
Lv(x) - (AF) (x)dx = (v,AF) 08 T‘g i

SELM Coupling:

adjoint condition

(Cv.F) = > [[v),-[F], = ]
’ os \4 < Keme! Function |
o 4% i
S

IB-Kernel coupling:

dq 2
u = /Q n(y —X(t))u(y.t)dy - (") E
AF = n (X o X(t)) F. . : % 123458678 81011213 115
Generalized Coupling (Faxen) Peskin delta-function 12 (RotstonRotaton

Tou=3 (10(Vm — Xew +2) Um )5, A%

3
m

Ao(Xm) = (( M0(Xm — (Xem +2)) )St|z|=R) F

3 @ ‘
Ay (xm) = ToRZ (< 21 (Xm — (Xew +2)) >S:|z|:R) x T 0% e s 6 7 8 9 10 11 12 13 14 15

Atzberger 2011, Atzberger 2015
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Rheological RPropenties andiMiCrostiicture Dynamics

0il

Aqueous
Solution
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\

4\
\ ‘\
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Displacement, D

\: > Velocity, V

V = D/time
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Stress = F/IA

s

Force, F \ ; \\ ‘

/ /!
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/
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/ Strain = D/H
/ Strain rate = V/H
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MANGO-SELLMISImulation: Seftware

Paul J. Atzberger
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Fluctuating hydrodynamics (moving frame):

MW L(tyw + A+ A[=Vx®] + (Vx - A) kT +J + hy D -w =

Pt — 2Ax
o) w=K (2) (%)
dX _w'(ate)—w"(q—ej)
T .
Sit)-w=D-w+e, Gw et ] _ wi(g+e) = 2w (q) + w(q —e)
L(t)w = u [ed — Sd,g"ytem]T Aw [Bd — 5d,3"yte$] " Ax?
Aw], — w @ (q+e +e)—wP(q—e +ej)
G(5,) = (Bunm(5)henm () ") ’ 1a
wd(q+ei —e)—w(q—e —e;) . .
G(s,t) = —2p(t)L(t)Co(t — s) - N 1A
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MANGO-SELLMISImulation: Seftware

Example System : Finitely Extensible Nonlinear Elastic (FENE) Dimers:

Potential Energy:

U(r) = -5Q3109(1 - (Q/Q0)?)

Energy

2001

1501

U{r) (KBT)
8

50

0 50 100 150 200
r

low shear rate medium shear rate

Atzberger 2013
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Gel-like Materals

Polymeric Gel Model:

» Worme-like chain elasticity for individual polymers.
* Near-end segments “sticky”.
» Branches bond angles are 70 degrees.

* Yield of “sticky” ends after 50% rest-length stretchi

S0
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Gel-like Materials
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Gel-like Matenials

Time Dependence of Shear Stress

«10"

Shear Stress

0 500 1000 S00

UC Santa Barbara
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MANGO-SELLMISImulation: Seftware

MANGO - Modeling Software:

- %]

File Windows Help

L=RA«0

SELM Builder

ve

Main | Lagrangian DOF r/ Eulerian DOF r/ Coupling Operators rlnteractiuns r’ Integrator [ Preferences

Category: |Table play =

Background Color 1

Background Color 2

Axis Visible

Axis Color

Axis Labels

|axis Label Color

|_®eee

[Lﬁenderview a %

Lagrangian DOF: ‘Particle:

‘vH Show List |

Jython Interactive Interpreter:

Jython Interactive Editor 1.0 : Implemented by Paul J. Atzberger, Copyright 2011

Startup Script for SELM Jython Intepreter

Written by Paul J. Atzberger
Date: March, 2011.

Add Points || Move Points Select Points H Remove Points |
Name Particles
Type LAMMPS ATOM ANGLE STYLE
Point Location X 0.0, 0.0, -50.0, 0.0, 0.0, 50.0]
Atom ID 1, 21

lecule ID 1, 11
[Type ID iy

[1.123, 1.123]

tom Mass
olor
isible

[Write VTICFile

Model Build Package 1 : Authored by Paul J. Atzberger : Version 1.0
Setup appears to have completed with no known errors.

=>>> import pickle as p

=>> import os

s>»> a = []

=>>> a.append(1); a.append(2); a.append(3)

>>> a

[1, 2, 31

>3

Restart

Interaction Editor B x Lagrangian DOF Editor B x Ll:nuplin Operator Editor B x

Run Script

output B x | Jython Shell B x

———

Atzberger 2016
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MANGO-SELLMISImulation: Seftware

MANGO-SELM - Download: http://mango-selm.org/

Mango-Selm | Fluctuating Hydrodynamics

Home Downloads Screenshots Gallery Documentation Developers Forum About
Downloads

Please join our mailing list for the announcement of updated releases.
¢« Download Latest Release
Additional Information

¢ Installation Instructions

Tutorials for Setting up Simulations

Mango-Selm Announcements
Mango-Selm Discussion Forum
Mango-Selm Issue Tracker

Paul J. Atzberger http://atzberger.org/ UC Santa Barbara
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MANGO-SELMSImulation . Sefitware

Demo Live: FENE_Dimer .
S E 1)
,:::g[:gr:::.; :::lra y\ ma... DOF | Coupling Operators | fons | Integrator | Preferences | 0000
I;
e~
—y

RenderView 8 x

Lagrangian DOF: [Particles [z] [Lshowyist ] || lython interactive interpreter:
Jython Interactive Editor 1.0 : Implemented by Paul J. Atzberger, Copyright 2011.
Add Points || Move Points Select Points || Remove Points
Startup Script for SELW Jython Intepreter
Written by Paul J. Atzberger
Date: March, 2011,
ame Partices
e LAMMPS_ATOM_ANGLE STYLE
int 0.0, 0.0,-50.0,70.0, 0.0, 50.01

Version 1.0

e 1 Authored by Paul J. Atzberger :
ave completed with no known errors.

Steps: : : i

1. Use File>Open project. R o s . TS .
——

2. Load: Important files:

FeneTestl/FeneModel.SELM_Builder_Project _ _
FENE_Dimer.LAMMPS_script

FENE_Dimer.LAMMPS _read_data

3. Adjust coupling operator table to FENE Dimer.SELM Info
/common/CouplingOp_T_KERNEL_1.SELM_Cou FENE_Dimer.SELM_InfoExtra
plingOperator_weightTable FENE_Dimer.SELM_params

FENE-bonds.SELM_ Interaction
4. Gear Icon - generate SELM simulation files. CouplingOp.SELM,_CouplingOperator
_ ) CouplingOp_T_KERNEL_1.SELM_CouplingOperator_weightTable
5. Link executable in In —s ../common/

SELM_LAMMPS_2.0.0a_serial_x86_Ubuntu run LAMMPS_SHEAR_QUASI_STEADY1_FFTW3.SELM_Integrator
LAMMPS_SHEAR_UNIFORM1_FFTW3.SELM_Eulerian
6. run—in Fene_Dimer.LAMMPS_ script Particles.SELM_Lagrangian
_ SELM_LAMMPS _serial_x86_Ubuntu
7. Generates output data - .dcd file. * ded
visl.vmd

8. Run ./vis_FENE.vmd to visualize the model.
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fene_diffusion_vis1.mpg

MANGO-SELLMISImulation: Seftware

Demo Live: FENE

2% SELM Builder (ONO] @)

File Windows Help
= .
U=Me0
Main | Lagrangian DOF [ Eulerian DOF | Coupling Operators [ Interactions | Integrator [ Preferences |
Category: |Table Display :

Eackground Color1 1
ackground Color 2
is Visible
is Color [ 1
is Labels Dx, y, 21
|

|Axis Label Color

RenderView B %

Lagrangian DOF: |Partic|es ‘v‘ | Show List ‘ Jython Interactive Interpreter:

Jython Interactive Editor 1.0 : Implemented by Paul J. Atzberger, Copyright 2011.

Add Points H Move Points Select Points ” Remove Points ‘
Startup Script for SELM Jython Intepreter
Written by Paul J. Atzberger
Date: March, 2011.
MName Particles
Type LAMMPS ATOM_ANGLE STYLE
Point Location X 0.0, 0.0, -50.0, 0.0, 0.0, 50.0] Model Build Package 1 : Authored by Paul J. Atzberger : Version 1.0
Atom 1D 1, 2] Setup appears to have completed with no known errors.
:'c"e‘i‘;'e D 11- 1 >>> import pickle as p
ype N
[1.123, 1.123] >>> dmport os

tom Mass
olor
isible

[Write VTK File

>>>a =[]

=>> a.append(1); a.append(2); a.append(3)
>35> a

[1, 2, 31

35>

Restart Run Script

Output B x | Jython Shell B x

Interaction Editor B x Lagrangian DOF Editor B x Ll:nupling Operator Editor B8 x

— 1
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MANGO-SELLIVE SIimulation: Seitwane
Other Demos:

Sheared FENE Dimer FENE Eluid

Polymer Chain Polymer Knot
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knot_vis1.mpg
feneShear_vis1.mpg
polymer_vis1.mpg
dimers_vis1.mpg
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MLMOD Package: Machine Learning Methods for. Data-Driven Moedeling

A e . ML LAMMPS Scrlpt XML
SO +\ | £
. 33 5 MLTralnlng ‘ MLMOD Package XML Output ]

regression

LAMMPS Workshop
August 2021

Paul J. Atzberger SELM ® ﬁm

Fluctuating Hydrodynamics

University of California Santa Barbara ’

ZFW DOE ASCR PhILMS o' NSF Grant _
)\ ! DE-SC0019246 &@ DMS - 1616353 http.//SOftware.atherger.org

paper: https://arxiv.org/abs/2107.14362
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MLEMEODBRackagesData-DrvenViodeling

Software

MLMOD

Machine Learning Modeling Package

C : s_
G a Jupyter notebooks
v

®
C/C++ python PyTorch

http://software.atzberger.org
paper: https://arxiv.org/abs/2107.14362

Example use case

Colloid + Solvent System

DOE ASCR PhILMS DE- 5 NSF Grant
SC0019246 o DMS - 1616353

Paul J. Atzberger

- - - o
Fa

Package Structure Machine Learning

Scientific Computation
(training) (simulation)

LAMMPS Script . ml-model
e pyTorc - MLMOD |
MLMOD Package l T l T

(g 0

Dynamics

Interactions ] Qol s |

l

simulation data

P

mel
regression

T e ; B
%  Fluctuating Hydrodynamics |

PSS ——"

Tutorial USER-SELM (breakout session)
Friday, 8/13, 12:50pm EDT

Simulation Data

Reduced Model
dX
dt
(thm(S)Fthm(t)T> = szTM(S(t — S)

= MF+kgTVx -M+Fippm,

Fl.

More Information: paper: https://arxiv.orq/abs/2107.14362

http://software.atzberger.org

http://atzberger.org/
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Conclusions

E.O
E— | ad MANGde“SEL'\kA o o Soft Matter
F|u|h { I[ I { I I ]| ﬂl—— Fluctuating Hydradynamics Package = —
E} E} E.‘ P s = i | loid electropharesis in a channel,
] [ nl H 1 [] M gggi x\v‘ —
H—ft——t—HH—NH—
& = Eomss mmE
L4 A S E
M-V | NPT Body Interface =
M. Padidar J. Sigurdsson - i !
UCSB Recent Student Paper
Collaborators 2016 Atzberger & Sigurdsson
Summary

Stochastic Immersed Boundary Methods with numerical solvers preserving statistical mechanics properties.

Stochastic Eulerian Lagrangian Methods for inertial and overdamped regimes, various boundary conditions. /‘

Python interface for setting up simulations, LAMMPS molecular dynamics integration (modeling, analysis). ! Mango-Selm package for
Applications in soft materials, complex fluids, rheology, microfluidics, biophysics, lipid bilayer membranes FiheRiating Hytrodynamies

! ! ’ ’ ’ ' _— http://atzberger.org
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