
Hyperdynamics Lab Exercises

Thegoalof this lab is to gainsomefamiliarity with basicaspectsof hyperdynamics,bothhow
it is implementedandhow it performsfor variousproblemsandbiaspotentials.For clarity, only
simplemodelpotentialsandcrudebiaspotentialsarecurrentlyincorporated.

First createa directoryandcd to it. Thencp ˜germann/public/* . to copy threeFor-
tranfilesandthreeinputfiles. Thecodeconsistsof theseFortranfiles:� hypernd.f –maindriver, handlingI/O andmoleculardynamicsloop� hyperndpots.f –potential-specificsubroutines,boththe � -dimensionalmodelpotential

energy hypersurfacesandthebiaspotentialfunctions� hyperndsubs.f –lessinterestingsubroutines,primarily randomnumbergeneration

Compilethesewith f77 -O *.f -o hypernd andrunby redirectingafile to standardinput:
./hypernd < 1.in

The input files shouldbe relatively self-explanatory;at presentthreedifferentpotentialsare
implemented,so icase is 1, 2, or 3. If you look at hypernd.f you will seethat thereis an
inner loop of nstep MD iterations,afterwhich thekinetic energy is monitoredandinformation
aboutthecurrentconfigurationis printedto fort.9 if iprint is 1 or greater. Thisouterloop is
executednouter times,sothetotalnumberof timestepsis givenby nstep � nouter . Wenext
specifyaLangevin friction coefficient

�
, whichfor noparticularreasonis called � in JCPEqs.(21)

and(22),and � by Allen andTildesley, Computer Simulation of Liquids. Thetemperature���
	 and
two biaspotentialparametersarespecifiednext, ������ and � for JCPEq. (31),or a negative value
and ��������� for aflat biaspotential.Finally, iprint = 0 generatesnooutputotherthanthatto stdout,
1 dumpsstateinformationto fort.11 andperiodictrajectorypointsto fort.9 , while a value
of 2 in additionprintsa subsetof trajectoryinformationevery timestep to fort.13 .

Thefirst � -dimensionalmodelpotentialhastheform
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with 5 :
6
parameters.With � !E)

and :�D !EF
, this reducesto thetwo-dimensionalmodelpotential

Eq. (20) of thebackgroundarticle(J. Chem. Phys. 106, 4665 (1997), hereafter“JCP”), exceptfor
a typo in that equation:the factorof

)>+
in the G 8 term shouldreally be

�=)>+ � 8
. The initial exer-

cisesbelow will focuson the two :
6

parametersetsusedin that paper(TableI; modelsI andII
correspondto icase = 1 or 2 in the input file). After reproducingsomeof the resultsquoted
there,youshouldtry varyingsomeparametersonyourown (modelandbiaspotentialparameters,
temperature,. . . ) to seewhethertheeffectsarewhatyouexpect.

You thenwill carryout somerunswith �IH )
to seetheeffect of additional“ G -like” degrees

of freedomonthecomputationalboostobtainedusingtheflat biaspotential.To simplify thiscom-
parison,a � -dependentconstantJ 1 J )9� �KJ 1,�LA>+ 8

is addedto thepotential(1) to shift theminima
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(usingmodelI :
6

parameters)to zeropotentialenergy. (Thesaddlepoint energy is +2 after this
shift.) A moregeneralsuchshift is left asanoptionalexercise,asis themodificationof thesimple
2x2Hessiandiagonalizationusedto implementtheanalyticbiaspotentialof JCPEq.(31).

A nonzero:MD parametermay be usedto biasthe diffusion towardsincreasingor decreasing-/.
, dependingon the sign of :�D . You shouldexperimentwith this on your own, althoughparts

of the codewill needto be modified(specifically, the simplestatedeterminationusedto count
transitions).TheanalyticbiasfunctionJCPEq. (31) maybeused,but theflat biasis clearlyinap-
propriate(how could you modify it?).

Beforedoingany runsit will beusefulto have a graphicsplottingprogramsuchasgnuplot
(in a separatexterm window) or xmgr alwaysrunningfor simultaneousdatavisualization. For
instance,gnuplotwill beassumedhere,sostartit by:

% gnuplot
gnuplot> set data style l

1. Runinput file 1.in. This will run ordinarymoleculardynamics(i.e., zerobiaspotentialev-
erywhere)on modelpotentialI at �N�
	 !OF;PQ)'F

(thefirst entriesin JCPTablesII andIII). It
shouldfinish in well undera minuteon a relatively unloadedmachine.Note the crossing
rateanderrorbars,computedfrom thenumberof observedcrossingsduring thegivenMD
time. Takea look at thetransitiontimedistributionwhichoccursby
gnuplot> p ’fort.9’ u 2:8
(for thiscasecolumn1 = MD time and2 = hypertimeareequivalent,but for thelaterexam-
plescolumn2 shouldbeusedto comparewith thisunbiaseddataset).

2. Runinputfile 2.in. Thiswill runhyperdynamicsusingtheJCPEq.(31)biaspotential.First
plot theminimum-energy pathonboththeoriginalandbiasedpotentialsurfacesby
gnuplot> p ’fort.15’,’fort.15’ u 1:3
andcomparewith JCPFig. 3. Comparetheboostandcrossingrateswith thosequotedin the
first entryof JCPTableIII. Look at theadvancein hypertimevs.MD timeby
gnuplot> p ’fort.9’ u 1:2

3. As in JCPTableIII, lower the temperatureandrun hyperdynamicsto verify the dramatic
increasein boostastemperatureis lowered.Transitionsmayoccursorapidly thatyou will
needto reducethenumberof stepsin theinnerMD loop,nstep , to seethemin thefort.11
output.(Thecountingof dividing-surfacecrossingsin hypernd.f occursin theinnermost
loop,sonstep only affectsthefort.11outputfrequency.)

4. Runinput file 3.in. This is identicalto the2.in input (beforeyoumodifiedit in theprevious
exercise),exceptthataflatbiaspotentialvflat = 1.6isusedinsteadof JCPEq.(31). Check
that the samecrossingrate is obtained(within statisticalerrors). What boostis obtained?
How did the executiontime comparedto 2.in? Vary vflat and ���R	 to checkthat the
behavior is whatyouexpected.

5. Usinga flat biaspotential(try at leasttwo differentvalues,sayvflat = 1.0 and1.8), run
modelI with � !

2, 4, and8 degreesof freedom.Whathappensto theresultingcomputa-
tionalboost?
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