Hyperdynamics L ab Exercises

Thegoalof thislabis to gainsomefamiliarity with basicaspect®f hyperdynamicshothhow
it is implementecandhow it performsfor variousproblemsandbiaspotentials.For clarity, only
simplemodelpotentialsandcrudebiaspotentialsarecurrentlyincorporated.

First createa directoryandcd toit. Thencp “germann/public/* . to copy threeFor-
tranfiles andthreeinputfiles. The codeconsistof theseFortranfiles:

e hypernd.f —maindriver, handlingl/O andmoleculardynamicdoop

e hyperndpots.f —potential-specifisubroutineshoththen-dimensionamodelpotential
enepgy hypersurbcesandthe biaspotentialfunctions

e hyperndsubs.f —lessinterestingsubroutinesprimarily randomnumbergeneration

Compilethesewith f77 -O *f -0 hypernd andrunby redirectingafile to standardnput:
/hypernd < 1.n

The input files shouldbe relatively self-explanatory;at presentthreedifferentpotentialsare
implementedsoicase is 1, 2, or 3. If youlook athypernd.f  youwill seethatthereis an
innerloop of nstep MD iterations,after which the kinetic enegy is monitoredandinformation
aboutthecurrentconfigurations printedto fort.9  if iprint  is 1 or greater This outerloopis
executechouter times,sothetotalnumberof timestepss givenby nstep x nouter . We next
specifyaLangevin friction coeficient 3, whichfor no particularreasoris calleda in JCPEQs.(21)
and(22),and¢ by Allen andTildesley, Computer Smulation of Liquids. Thetemperaturé 7T and
two biaspotentialparameterarespecifiednext, z,... anda for JCPEQ. (31), or a negative value
andvy,,, for aflat biaspotential.Finally, iprint =0 generateso outputotherthanthatto stdout,
1 dumpsstateinformationto fort.11  andperiodictrajectorypointsto fort.9 , while avalue
of 2 in additionprintsa subsebf trajectoryinformationevery timestep to fort.13

Thefirst n-dimensionamodelpotentialhastheform

V(x) = cos(2may) (1 + ) dia;) + %(2#)2 > @} + dycos(2ma1/dy) + dsa 1)
=2 =2

with 5 d; parametersWith n = 2 andd; = 0, thisreducego thetwo-dimensionaimodelpotential
Eqg. (20) of thebackgroundarticle (J. Chem. Phys. 106, 4665 (1997), hereaftefJCP”), exceptfor
atypo in thatequation:the factorof 2r in the y? term shouldreally be (27)?. Theinitial exer
cisesbelow will focuson the two d; parametesetsusedin that paper(Tablel; modelsl andll
correspondo icase = 1 or 2 in theinput file). After reproducingsomeof the resultsquoted
there,you shouldtry varyingsomeparametersn your own (modelandbiaspotentialparameters,
temperature,..) to seewhetherthe effectsarewhatyou expect.

You thenwill carryoutsomerunswith n > 2 to seethe effect of additional”y-like” degrees
of freedomonthe computationaboostobtainedusingtheflat biaspotential. To simplify thiscom-
parisonan-dependentonstant-1 — 2(n — 1) /=% is addedo the potential(1) to shift theminima
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(usingmodell d; parameters)o zeropotentialenegy. (The saddlepoint enegy is +2 afterthis
shift.) A moregenerakuchshiftis left asanoptionalexercise asis the modificationof the simple
2x2 Hessiardiagonalizatiorusedto implementthe analyticbiaspotentialof JCPE(. (31).

A nonzerods; parametemay be usedto biasthe diffusion towardsincreasingor decreasing
x1, dependingon the sign of ds. You shouldexperimentwith this on your own, althoughparts
of the codewill needto be modified (specifically the simple statedeterminatiorusedto count
transitions).Theanalyticbiasfunction JCPEQ. (31) maybe used but the flat biasis clearlyinap-
propriate(how could you modify it?).

Beforedoingary runsit will beusefulto have agraphicsplotting programsuchasgnuplot
(in a separatextermwindow) or xmgr alwaysrunningfor simultaneousiatavisualization. For
instancegnuplotwill beassumedhere,sostartit by:

% gnuplot
gnuplot> set data style |

1. Runinputfile 1.in. Thiswill runordinarymoleculardynamics(i.e., zerobiaspotentialev-
erywhere)on modelpotentiall at kg7 = 0.20 (thefirst entriesin JCPTablesll andlll). It
shouldfinish in well undera minuteon a relatvely unloadedmachine. Note the crossing
rateanderrorbarscomputedrom the numberof obsered crossingsduring the given MD
time. Take alook atthetransitiontime distributionwhich occursby
gnuplot> p ’'fort.9’ u 2:8
(for this casecolumnl = MD time and2 = hypertimeareequialent,but for thelaterexam-
plescolumn?2 shouldbeusedto comparewith this unbiasedataset).

2. Runinputfile 2.in. Thiswill run hyperdynamicsisingthe JCPEQ. (31) biaspotential.First
plot the minimum-enegy pathon boththe original andbiasedpotentialsurfacesby
gnuplot> p ’‘fort.15’,fort.15’ u 1:3
andcomparewith JCPFig. 3. Compardheboostandcrossingateswith thosequotedin the
firstentryof JCPTablelll. Look attheadwancein hypertimevs. MD time by
gnuplot> p ’'fort.9’ u 1:2

3. As in JCPTablelll, lower the temperatureandrun hyperdynamicgo verify the dramatic
increasan boostastemperaturés lowered. Transitionsmay occurso rapidly thatyou will
needto reducethe numberof stepsn theinnerMD loop, nstep , to seethemin thefort.11
output.(Thecountingof dividing-surfacecrossingsn hypernd.f  occursin theinnermost
loop,sonstep only affectsthefort.11outputfrequeng.)

4. Runinputfile 3.in. Thisis identicalto the 2.in input (beforeyou modifiedit in the previous
exercise) gxceptthataflatbiaspotentiavflat =1.6isusednsteadf JCPEQ.(31). Check
that the samecrossingrateis obtained(within statisticalerrors). What boostis obtained?
How did the executiontime comparedo 2.in? Vary vilat andkgT to checkthatthe
behaior is whatyou expected.

5. Usinga flat biaspotential(try at leasttwo differentvalues,sayvflat = 1.0and1.8),run
modell with n = 2, 4, and8 degreesof freedom.Whathappengo theresultingcomputa-
tional boost?



