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Um —)m\\m—nu Overview

e Introduction

e Theframavork PROTOMOL
e Component®f PROTOMOL
e NAMD?2 vs. PROTOMOL

o [TP

e Conclusionsk Futurework
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Um—)m\\mU Molecular Dynamics

e Newton’s equationof motion
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1. Compute/egaluateforcesfor all particles

2. Updatepositions& velocities
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Um—)m\\mU Why a new Molecular Dynamics Framework?

e EXisting (highly optimized)framawnorks are not easy
to extendwith new algorithms

e Norealencapsulationf datadistribution & paralleliza-
tion

e No fully customizablentegratorsandforces
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Um—)m\\mU Theframework PROTOMOL |

e Object-orientedcomponentrameavork, C++, 40’000
LOC

e Integratorhierarcly, suitedfor multiple time stepping
e Genericforcesandalgorithms
e Switchingfunctionsto smooth/spliforces/potentials

e Interfaceto standard/O formats(PDB, PSFE PAR, XYZ,
DCD, CHARMM 19/28,...) andapplications

e Componentdor parallelization& datadistribution
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Um—)m\\mU | ncremental Parallelization

¢ Implementingsequentialversionof a newv algorithm,
for verification

¢ Parallelandsequentiapartgo handin hand
e Gainingfrom alreadyparallelizedcomponents

e Extendingto parallelversion
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Um_)m\\mU PROTOMOL Components|: Integrators

STSIntegrators:
MTS Integrators:

e Leapfrog
o Verlet-I/FRESRA (mid/endpoint)
e Mollified Impulse e Nost-Hoover
Method

e Langesin BBK
e SHAKE

e Hybrid Monte Carlo

© TTP, June 2001, T. Matthey PRoTOMOL: An Object-oriented Component Molecular Dynamics Framewor k 8/ 17



Um—)m\\mU PRoTOMOL Components||: Forces/Potentials

e Coulomb

Forces/Potentials:
e FullEwald (Coulomb)
e Angle
J o PMEwald (Coulomb)
e Bond .
. Algorithms:
e Dihedral
. e Cutoff
e Haptic .
e SimpleFull
e Improper
o Full
e LennardJones
e LONQ
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Um—)m\\mU Switching Functions & Boundary Conditions

SwitchingFunctions:

e Cl BoundaryConditions:
e C2 e Normal

e Shift e Periodic

e Complement e NormalVacuum

e Range
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Um—)m\\mU NAMD2 vs. PROTOMOL |

+ Intuitive simulationconfiguration

Easyto use MTS integrator definition/stratgy (inte-
gratordefinitionlanguage)

+ Forcesassociatedo integrators

+ Forcealgorithmsassociatedo forces/potentials
+ Customizableswitchingfunctions

+ Easyto extendthe framawvork

—Doesnot scaleaswell asNAMD2 (> 16 CPU’s)
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structure
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out put ener gi es
out puttim ng
bi nar yout put
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equi | 298K _01. psf

equi | 298K 01. par
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1.0
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o e

2000

2000

no

equi | 298K 01. pdb

equi | 298K _01. nand. out put

300
2000

initial _t 0.0
nsteps 2000

cell _size 6.5
out putf 2000
init_temp 300

boundar yCondi ti ons Nor nal
cel | Manager Cubic

I ntegrator {
| evel 0 Leapfrog {
timestep 1.0
force Bond, Angle
force Coul omb

- al gori t hm NonbondedCut of f
-swi t chi ngFuncti on Shift

-cutoff 6.5
-switchon 0.1
force LennardJones

- al gori t hm NonbondedCut of f
-swi t chi ngFuncti on FSWC1

-cutoff 6.5
-switchon 0.1
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Example: MTS Integrator

initial _t 0.0
nsteps 100
cell _size 6.5
outputf 1
init_tenp 300

boundar yCondi ti ons Nor na
cel | Manager Cubic

I ntegrator {

| evel 2 HybridMC {
cycl el ength 20
war nupcycl es 10
t enper ature 300

level 1 Impulse {
cyclelength 5
force Coul omb
-al gori t hm NonbondedSi npl eFul
swi t chi ngFuncti on Conpl enent SWC1
-cutoff 6.5

l evel O
ti
force
force

force

PLeapfrog {

mestep .5

Bond, Angle

Coul onb

-al gori t hm NonbondedSi npl eFul
- swi t chi ngFuncti on SWC1
-cutoff 6.5

Lennar dJones

- al gori t hm NonbondedCut of f
- swi t chi ngFuncti on FSWC1
-cutoff 6.5

-swi tchon 0.1
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parajab TTP)

e Useof PROTOMOL togethermwith othersoftware
e Applicationdeveloper/endiser

e Contriluting new integrators/forces/algorithms
e Producingandpublishingresultswith PROTOM OL
e TTP asoneof thefirst majorusers
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_Um_Jm\\m_U TTPII

e Usersupport

e Contriluting new featuredor TTP
e Implementatiorsupport

¢ Parallelizationsupport
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Um —)m\\m—nu Conclusions

¢ \We provide aflexible componenframework

e Genericprogrammingo customizecomponentsyith-
out performanceenalties

e Containscommonpotential/forces integrators
e CHARMM 19 and28forcefields

e Startingwith a sequentialmplementation

e Easyto extendto a parallelimplementation

¢ Hiding parallelizationin few objects
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Um_)m\\mU Future Work

e Genericcommunicatiorapproaches
e Genericloadbalancingalgorithm
e Multi-threading

e Providing component$or genericdastelectrostatidorces
computation

o GUI
e Adding contributionsfrom TTP
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