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Stability of Symplectic Integrators in Molecular Dynamics Simulations

Piti thammavej " Juraivan Ratanapisit*z) and Kulchanat Prasertsit”

Abstract

In this research, the experiments have been performed based on diffusion coefficients of Green-Kubo
and Einstein expressions and conservation energy to investigate the accuracy and stability of the second
order explicit symplectic integrators of position Verlet and velocity Verlet algorithms compared to non-
symplectic integrators (fourth order Runge Kutta and fourth order Gear predictor-corrector). The simulations
were performed by invoking the Green-Kubo and Einstein relations including global errors in energy
calculations. Computer simulations were performed using double precision of calculations. Also they were
performed on a system of 256 Lennard-Jones particles interacting with a potential that was truncated at
3.00 . The essence of the study was to run series of simulations, starting from the same initial configuration,
with each simulation being run the same reduced time. They differ in the size of the time step used and hence
the total number of steps actually made during the simulation. The simulation runs were divided into 10
independent batches such that these 10 batches formed an approximate Gaussian distribution for which the
mean and its uncertainty can be calculated. This technique gives reliable error estimates from computer
simulations.

Results showed that the position and velocity Verlet algorithms were very competitive compare to the
Runge Kutta and Gear predictor-corrector methods. Both Verlet methods use approximately the same CPU
time due to less force evaluations per time step compare to non-symplectic integrators. The appropriate time-
step size for velocity Verlet algorithm should be lower than 0.01 as well as the time-step size that used for
molecular dynamic simulation must depend on temperature and density of system.

Keywords: molecular dynamic simulation, symplectic integrator, diffusion coefficient, conservation energy
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danaliszuvlsiganunsanniiunissaly s

defansmuszuy o T=1.2, p*=0.2 uaz
time-step=0.02 WU4NTTULAN1TOANAUNTse L6
wiguiiinawmefangainuldaias Feilunszenna
skuzasszuusni liaelananisdeuiuiuaes
BYNIA

dvitgnimgRnazaa s uiutu iflia
ﬁiﬂﬁcmmmﬂiﬂ‘lummﬁﬂﬁwﬁwmlﬁﬂLﬁﬂ‘uﬁ”‘u
time-step wainasalanialunisfenivaesannia

d oy, .
iHaldAn time-step 11A14gy

0.025
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M19719% 3 UAAITINNARIURIANDAL AN AR ALAADY N ANN AT BUAZHAR 19T DINANIUIINALIAT

AATNEEUALNARNIWINIT T UL BuFuasdunIwmasiLafiafa N

anna
ng INAEBITBIALRALANLARNALARDY mﬂm‘wwmwz’a”mmfmﬁl,fmm;mﬁwLﬁﬂuﬁu

NAAD Tumeannasnu (<ge>) AaBuEL (<E(t)>-E(0))

™ p* At*=0.005 At*=0.01 At'=0.02 At*=0.005 At*=0.01 At=0.02
1.0 0.8 0.00023 0.00071 Overflow 0.000053 0.000098 Overflow
1.0 0.6 0.00025 0.00101 Overflow -0.000171 -0.000808 Overflow
1.0 04 0.00026 0.00060 Overflow -0.000178 -0.000387 Overflow
1.0 0.2 0.00049 0.00051 0.10188 0.000457 0.000289 0.087803
0.8 0.6 0.00040 0.00054 0.10489 0.000331 0.000361 0.087907
1.2 0.6 0.00022 0.00118 Overflow 0.000119 0.000921 Overflow
14 0.6 0.00031 0.00104 Overflow 0.000041 0.000299 Overflow

4.3.2 AN ANENITUNFUASAIINBNUENNITAI I

o oA y
AINATINN 4 WUINLEAD time-step < 0.01 WLAA
dudsz@Anannsundicledalaiuazniualu Jdqlng
LAENTU ANUILRNENITUNIN AU DA EIANNNTAD U
189 Rowley and Painter, 1997 WeaNanTuNaunn

time-step=0.02 UAYAIINNUILUUGINGT 0.2 WAD

sTULNANNTANAANE TUNNTANUIRL NN TR URNTIADT
6 'S < v al =
uuuwafiarinanizaligidaaauaias
4 v o d .
TINANNINARANRBAAADIALTUN 1 1uiu
TneiAn log<ge> AuUA time-step = 0.005 WAz 0.01
- T ,
FauuansngldundnilaiauiuANaus time-

step 1l 0.02
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M197199 4 FNUTERANENITUNIANUI AL BURN TIADFLLLLIBFLATT AN

AN12¥N19 AnduLszAnannauns
NA[BY Einstein relation Green-Kubo GNP

T* p* | At*=0.005 At*=0.01 At*=0.02 At*=0.005 At*=0.01 At*=0.02 ANTUT*

1.0 0.8 0.06460 0.06443 Overflow 0.06455 0.06414 Overflow 0.06330
(0.003997) | (0.003381) (0.003894) | (0.003232)

1.0 0.6 0.15755 0.15682 Overflow 0.15800 0.15747 Overflow 0.15584
(0.005547) | (0.006565) (0.005094) | (0.006124)

1.0 0.4 0.30085 0.29881 Overflow 0.30507 0.30406 Overflow 0.28532
(0.022748) | (0.022030) (0.025407) | (0.020660)

1.0 0.2 0.57691 0.58087 0.60611 0.58852 0.59509 0.62149 0.59048
(0.013227) | (0.019263) | (0.022562) | (0.019058) | (0.024537) | (0.025649)

0.8 0.6 0.11863 0.11876 0.122967 0.11859 0.11860 0.1239 0.08951
(0.005557) | (0.006242) | (0.007884) | (0.006116) | (0.007008) | (0.008567)

1.2 0.6 0.18578 0.18463 Overflow 0.18656 0.18617 Overflow 0.18483
(0.005056) | (0.005727) (0.003822) | (0.007830)

14 0.6 0.21097 0.21234 Overflow 0.21201 0.21237 Overflow 0.21321
(0.003985) | (0.007066) (0.000649) | (0.008197)

** A TUIALWAANDNAYNNAAIALAARL (standard deviation) 114 0.000869 + 0.00005

*** Rowley and Painter, 1997
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