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Overview

•PROTOMOL&MD

•GettingStarted&Running

•Design&Source

•AddingaNewForce

•References
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UsefulFeatures

•Configurationfiledefiningglobals,integrationandsysteminputfiles

•CHARMMforcefieldandcompatibilitywithtwoversions(19and28a2,
http://www.lobos.nih.gov/Charmm)

•Multipletime-stepping

•Fastelectrostaticcomputations

•Comparisonofforcealgorithms

•HybridMonteCarlosampling

•AbilitytointeractwithVMD–DCDtrajectoryfiles

•Abilitytorunonparallelmachines
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AnMDSimulation

1.Constructinitialconfigurationofx0,v0andF0;

2.loop1tonumberofsteps

(a)Updatevelocities

(b)Evaluateforcesoneachparticle
(~Fi=−∇iU)

(c)Updatepositions

(d)Updatevelocities

3.Post-processing
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MolecularDynamics

U=U
bonded

+U
non-bonded
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external
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bonded
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bond
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angle
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improper

U
non-bonded
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electrostatic
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bonded

Angle,Bond,DehidralandImproper
U

non-bonded
LennardJones(vanderWaals)andCoulombusing
cutoff,Ewald,PMEorMG

U
external

Friction,Haptic,PaulTrap,Spherical,Gravitation,
MagneticDipoleandMagneticDipoleMirror
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GettingStarted&Running
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GettingStarted

•Binary:http://www.nd.edu/˜lcls/protomol/
(Solaris,IRIX,LinuxandAIX)

•Source:protomol@cse.nd.edu

•Examples:http://www.nd.edu/˜lcls/protomol/

•User-guide:http://www.nd.edu/˜lcls/protomol/
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Example:Alanin

•Download:Binary&alaninexample

•Run:protomolalanin.conf--numsteps1000

•Help:protomol-h

•Forcesavailable:protomol-f

•Visualize:vmd(Molecule→LoadFromFiles→psf
anddcd→select&load)
(http://www.ks.uiuc.edu/Research/vmd)
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Inputrequirement

•Configurationfile,e.g.,alanin.conf
–definesglobalparametersandtheintegrationscheme

•Coordinates,e.g.,alanin.out.pos.pdb
–atompositions,eitherPDBorXYZformat

•Velocitiesortemperature,e.g.,alanin.out.vel.pdb
–atomvelocities,eitherPDBorXYZformat

•Charmmparameterfile,e.g.,alanin.par
–definesnon-bondedparameter,Coulomb&Lennard-Jones

•PSFtopologyfile,e.g.,alanin.psf
–definesthemass,charge,andthetopologyofeachmolecule
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FormatofPROTOMOLConfigurationFile

keyword1value1

keyword2value2
keyword3value3
...

Integrator{
levelN-1<integratortype>{

<integratorarguments>(Thesewilldifferdependingontheintegratortype).
<integratorforces>(Thesearealloptional).

...

level0<integratortype>{
...

}

}

Notethattheorderofdefinitionforeachlevelisnotstrict,butPROTOMOLexpectsonedefinition
foreachlevel.
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Example:AlaninConfigurationFile

temperature300.0
firststep0
numsteps10000
cellsize6.5
outputfreq100
restartfreq1000
seed1234
posfilealanin.pdb
psffilealanin.psf
parfilealanin.par
usecharmm28parfileno
finpdbposfilealanin.out.pos.pdb
finpdbvelfilealanin.out.vel.pdb
dcdfilealanin.out.dcd
allenergiesfilealanin.out.energy
restartfilealanin.out
boundaryConditionsNormal
cellManagerCubic

Integrator{
level0Leapfrog{

timestep1
forceImproper
forceDihedral
forceBond
forceAngle
forceLennardJones

-algorithmNonbondedCutoff
-switchingFunctionC2
-switchon1.0
-cutoff12

forceCoulomb
-algorithmNonbondedCutoff
-switchingFunctionC1
-cutoff12

forceHaptic
-port2001
-trate1
-timeout1000
-step_inc100
-wait0

}
}
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MultipleTimestepping(cont.)

Supportofmultipletime-steppingintegration
Integrator{

level2Impulse{#Long-rangeelectrostatics

cyclelength4

forceCoulomb-algorithmFull-switchingFunctionComplementSWC1}

level1Impulse{#Mediumvaryingforces

cyclelength2

forceImproper,Dihedral

forceCoulomb-algorithmCutoff-switchingFunctionSWC1

forceLennardJones-algorithmCutoff-switchingFunctionSWC1}

level0Leapfrog{#Fastvaryingforces

timestep0.5#[fs]

forceBond,Angle}}

Three-levelVerel-I/r-RESPAMTS
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Integrators

•MultipleTimestepIntegrators

1.BSplineMOLLY

2.DMDLeapfrog

3.EquilibriumMOLLY

4.HBondMOLLY

5.HybridMC(HybridMonteCarloIntegrator)

6.Impulse

•SingleTimestepIntegrators

1.BBK

2.LangevinImpulse

3.Leapfrog(VelocityLeap-FrogIntegrator)

4.NoseNVTLeapfrog

5.PLeapfrog(PositionLeap-FrogIntegrator)
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ForceComparisonandTiming

Accuracy:
forcecompare<forceapproximationtype>
<forceapproximationarguments>
forcecompare<forceexacttype>
<forceexactarguments>

Benchmarking:
forcetime<forcetobenchmarktype>

Accuracy&Benchmarking:
forcecomparetime<forceapproximationtype>
<forceapproximationarguments>
forcecomparetime<forceexacttype>
<forceexactarguments>
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ForceComparisonandTiming(cont.)

SampleofforcecomparisonbetweenPMEandplainEwald:

forcecompareCoulomb

-algorithmPMEwald

-real-reciprocal-correction

-interpolationBSpline

-gridsize888

-order4

-cutoff6.5

forcecompareCoulomb

-algorithmFullEwald

-real-reciprocal-correction
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ForceComparisonandTiming(cont.)

SampleofforcecomparisonandbenchmarkingPMEwithdifferentaccuracy:

forcecomparetimeforceCoulomb

-algorithmPMEwald-real-reciprocal-correction

-interpolationBSpline

-cutoff6.5-gridsize101010

forcecomparetimeforceCoulomb

-algorithmPMEwald-real-reciprocal-correction

-interpolationBSpline

-cutoff6.5-gridsize202020

forcetimeLennardJones

-algorithmNonbondedCutoff

-switchingFunctionC1

-cutoff8.0
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Positions&Velocities:XYZFormat

•1.line:Numberofatoms

•2.line:Blankoranycomment.

•Rest:Atomicnumberornameandthenthex,y,andzcoordinates;sepa-
ratebyatleast1space

8

TolueneformtheCambridgeCrystallographicDatabase

C1.58890-1.44870-0.47000

C1.54300-2.259900.77910

C2.21440-3.474100.88040

C2.16940-4.223502.03080

C1.45120-3.777403.11890

C0.77320-2.582403.03840

C0.82440-1.826601.89060

H2.40210-1.69480-0.94010

Definition:http://hackberry.chem.trinity.edu/IJC/Text/xmolxyz.html
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Positions&Velocities:PDBFormat

REMARKFILENAME="/usr/people/nonella/xplor/benchmark1/ALANIN.PDB"

...

REMARKDATE:16-Feb-8911:21:32createdbyuser:nonella

ATOM1CAACE1-2.1840.5910.9100.010.0MAIN

ATOM2CACE1-0.6650.6270.966100.00.0MAIN

ATOM3OACE1-0.0691.2131.868100.00.0MAIN

ATOM4NALA20.0000.0000.000100.00.0MAIN

ATOM5HALA2-0.490-0.462-0.712100.00.0MAIN

...

ATOM65HCBX128.0508.3249.225100.00.0MAIN

ATOM66CACBX129.2238.57111.0140.010.0MAIN

END

Definition:http://www.rcsb.org/pdb/docs/format/pdbguide2.2/guide2.2frame.html

orhttp://www.rcsb.org/

•Moredetailinformation
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Topology:PSFFormat

•Definesthetopologyofthe
molecules

•Additionallysomestructuralinfor-
mation

Definition:
http://www.lrz-muenchen.de/

˜heller/ego/manual/node88.htmlor
http://www.rcsb.org/

PSF
4!NTITLE

REMARKSFILENAME="pti.psf"
REMARKSBPTICOORDINATESTAKENFROMCRISTALLOGRAPHICDATAW/OWATERS
REMARKSHYDROGENPOSITIONSGENERATEDUSINGHBUILD(2ITERATIONS)
REMARKSRMSFLUCTUATIONS(T.ICHEYE)FORHEAVYPROTEINATOMSINCLUDED
REMARKSDATE:24-Apr-8902:34:58createdbyuser:heller

568!NATOM
1MAIN1ARGHT1HC0.2600001.008000
2MAIN1ARGHT2HC0.2600001.008000
3MAIN1ARGNNH30.000000E+0014.00670
4MAIN1ARGHT3HC0.2600001.008000

...
582!NBOND:bonds

35518181956
677889910

...
834!NTHETA:angles

351835651819
1856567678

...
351!NPHI:dihedrals

35675678
678978911

...
259!NIMPHI:impropers

53186981110
111215922202523

...
114!NDON:donors

910121312141516
1517313234

...
79!NACC:acceptors
1918262532313331
3534474654536362

...
24!NNB
454443979695210209

208224223222236235234328
...

2220!NGRP
000500700

...
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CharmmParameterFile:PARFormat

•Definestheparametersofbonded
andnon-bondedforces

•AtomicnamescorrespondtoPSF
format

Definition:Seeuser-guide

remark-parameterfilePARAM19-
...
bondCC450.01.38!B.R.GELINTHESISAMIDEANDDIPEPTIDES
bondCCH1E405.01.52!EXCEPTWHERENOTED.CH1E,CH2E,CH3E,ANDCT
bondCCH2E405.01.52!ALLTREATEDTHESAME.UREYBRADLEYTERMSADDED
bondCCH3E405.01.52
bondCCR1E450.01.38
bondCCT405.01.53
bondCN471.01.33
bondCNC2400.01.33!BONDLENGTHFROMPARMFIX9FORCEKAPROXIMATE
bondCNH1471.01.33
bondCNH2471.01.33
bondCNP471.01.33
bondCNR471.01.33
bondCO580.01.23
bondCOC580.01.23!FORCEDECREASEANDLENGTHINCREASEFROMCO
bondCOH1450.01.38!FROMPARMFIX9(NOVALUEINGELINTHESIS)
bondCOS292.01.43!FROMDEPNORMALMODEFIT
bondCH1ECH1E225.01.53
bondCH1ECH2E225.01.52
bondCH1ECH3E225.01.52
....
angleCCC70.0106.5!FROMB.R.GELINTHESISWITHHARMONIC
angleCCCH2E65.0126.5!PARTOFFTERMSINCORPORATED.ATOMS
...
diheCH1ECNCH1E10.02180.0!PROISOM.BARRIER20KCAL/MOL.
diheCH2ECNCH1E10.02180.0
...
imprCCCR1ECH2E90.000.0!GIVE220CM1METHYLOOPFORTOLUENE.
imprCCR1ECCH2E90.000.0!USEDHEREFORTRPCGOUTOFPLANE
...
NONBondedH0.04981.42540.04981.4254
NONBondedHA0.04502.61570.04502.6157!-chargedgroup.
...
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OutputFormats

•Restartfiles

•EnergyorEnergysplit

•Position,velocity,forceandDCDtrajectories

•Finalpositions,velocitiesandforces

•3Dgraphicfiles,BSDL

•Volume,diffusion,temperature,PaulTrap,momen-
tum,etc.
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Compilation

1.Runautoconfiguration
aclocal;autoheader;autoconf;automake-a;

2.Choseplatformandconfiguration
e.g.,./configure--with-gcc-debug

3.Compile
makedepend;makeclean;make

4.IfanyproblemsconsultREADMEandFAQ.compiler

5.Binary:./applications/protomol-app/protomol
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Design&Source
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FrameworkDesign

libparallel, libforces
libbase, libtopology

libintegrators

libfrontend Component

Framework

Class Library

Middle Layer

Front−end

Back−end
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FrameworkDesign(cont.)

•framework/base:basicclasses

•framework/forces:forcecomputation

•framework/topology:topology,boundaryconditions&switchingfunc-
tions

•framework/imd:networking,hapticdevice

•framework/parallel:parallelism(MPI)

•framework/integrators:Middlelayer,integrators

•framework/frontend:I/O&userinterface

•applications/protomol-app:protomol&main
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DesignoftheIntegrators

doHalfKick();
doDriftOrNextIntegrator();
calculateForces();
doHalfKick();

myForceGroup−>evaluateSystemForces(tp,r,f,e);
myForceGroup−>evaluateExtendedForces(tp,r,v,f,e);

ForceGroup

evaluateSystemForces(tp,r,f,e)

evaluateExtendedForces(tp,r,v,f,e)

ExtendedForce

evaluate(tp,r,v,f,e)=0

parallelEvaluate()

STSIntegrator

doDriftOrNextIntegrator()

MTSIntegrator

doDriftOrNextIntegrator()

StandardIntegrator

run(numTimesteps)

doHalfKick()=0

doDriftOrNextIntegrator()=0

calculateForces()

Integrator

run(numTimesteps)=0

Force

SystemForce

evaluate(tp,r,f,e)=0

parallelEvaluate()

n

m 1

    doHalfKick();
    doDriftOrNextIntegrator();

    calculateForces();
    doHalfKick();

MTSIntegrator
    doHalfKick();
    doDriftOrNextIntegrator();

    calculateForces();
    doHalfKick();

*nextIntegrator

STSIntegrator
    doHalfKick();
    doDriftOrNextIntegrator();
    calculateForces();
    doHalfKick();

*nextIntegrator

MTSIntegrator
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DesignoftheForces

preprocess();
myActualForce−>parallelEvaluate(tp,r,f,e);

preprocess();
myActualForce−>evaluate(tp,r,f,e); myActualForce−>mollify(tp,r,fout,e,fin);

preprocess();

postprocess(tp,fout,e);

preprocess();

postprocess(tp,fout,e);fout,e,fin);

new SystemCompareForce(actualForce,compareForce);

postprocess(tp,f,e);

if(tp−>parallel−next())
evaluate(tp,r,v,f,e);

postprocess(tp,f,e);

mollify(tp,r,fout,e,fin);

"No mollify implementation"

myActualForce−>evaluate(tp,r,v,f,e);
preprocess();

postprocess(tp,v,f,e);

myActualForce−>parallelMollify(tp,r,

ExtendedForce

makeCompareForce()
evaluate()=0
parallelEvaluate()

CompareForce

getForceObject()
getForces()

preprocess()
postprocess()

getEnergies()
doMake()
getKeyword()
getIdString()
getParameters()
numberOfBlocks()

Force* myActualForce
CompareForce* myCompareForce
CoordinateBlock* myForces
EnergyStructure* myEnergies

Compute relative errors

myActualForce−>make(errMsg,values);

myActualForce−>numberOfBlocks();

Force

getKeyword()=0
makeCompareForce()=0
getParameters()=0
getIdString()=0
make()
numberOfBlocks()
doMake()=0

doMake(errMsg,values);

SystemForce

parallelMollify()
mollify()

parallelEvaluate()
evaluate()=0
makeCompareForce()

if(tp−>parallel−next())
evaluate(tp,r,v,f,e);

new ExtendedCompareForce(actualForce,compareForce);

SystemCompareForce

parallelEvaluate()
mollify()
parallelMollify()

evaluate()

ExtendedCompareForce

evaluate()
parallelEvaluate()

preprocess();
myActualForce−>parallelEvaluate(tp,r,v,f,e);
postprocess(tp,v,f,e);

CompareForce(Force*, CompareForce*)

c©ThierryMatthey,Trondheim,December11,2002.PROTOMOLTutorial27/33



GeneralDesignDescriptionofaForce

R1Algorithmtoselectann-tupleofparticles

R2Boundaryconditions

R3Retrieveefficiently(O(1))thespatialinformationofeachparticle

R4Potentialdefiningtheforceandenergyonthen-tuple

R5Switchingfunctiontomodifythepotential

→Policy,AbstractFactoryandPrototypes

E.g.:

Force*aForce=newAngleSystemForce<PBC>();

typdefOneAtomPair<PBC,CM,C1SwitchingFunction,CoulombForce,true>OneAtomPairType;

classNonbondedCutoffSystemForce<PBC,CM,OneAtomPairType>;
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AddingaNewForce
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AddingaNewForce

•Findasimilarforce/potential

•Takeacopyandchangeit

•AddittotheMakefile

•Registeryournewforce

•Reconfigureandrecompile
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AddingaNewForce:Specialized,1-body

•CopyfromBondSystemForce*.[Ch]orPaulTrapExtendedForce*.[Ch]

•ReplaceBondbyMyNewForceName

•Changetheimplementation,removeparallelEvaluateandnumberOfBlocks
forpuresequentialimplementation

•Changethekeyword,parameters,etc.

•AddMyNewForceNameSystemForce*.[Ch]toMakefile.am

•Registeryournewforceinfrontend/registerOtherForceExemplars.C

•Reconfigure–aclocal;autoheader;autoconf;automake-a;

•Compile–makedepend;makeclean;make
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AddingaNewForce:NewPotential,2-body

•CopyfromGravitationForce.[Ch]

•ReplaceGravitationbyMyNewPotentialName

•Changetheimplementation

•Changethekeyword,parameters,etc.

•AddMyNewPotentialName.[Ch]toMakefile.am

•Registeryournewforceinfrontend/registerOtherForceExemplars.C
accordinglyGravitationForceorCoulombForce–choseyourrequire-
mentsR2-R5

•Reconfigure–aclocal;autoheader;autoconf;automake-a;

•Compile–makedepend;makeclean;make
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