Initial

1. Li, Y.; Guo, H. Atomistic simulations of an antimicrobial molecule interacting with a
model bacterial membrane. Theor Chem Acc 2012, 132 (1), 1-8.



Distraction: Ergodic hypothesis

(A)= [ Aexp(-BE)dT = f A(t)dt

Nstep '
= lim —— 2 A(iAe),
N p—>oo N e : ‘
step i=1 i Statistical Physics
for 2}(‘: i' CV/] P =

ven-nn O s ©
o 0@ 9

Ensemble average = o /
. o & .
Time average ™ "

e Y S O



Ergodic hypothesis

(Ay= [ Aexp(-BE)dT
- [dp.fdp, [ dp, [da 4, [ a,Ap.a)exp(-BEP.0)

p=(p1,p2’...pN), q=(q1,q2’...qN)
Nstep Ergodic hypothesis

1 AN, STTBERNEGER GHRG) , BETHE
=N DAY, lsenTRsnteRannAs, E50mLERES
S MERER! BE: REhOkRFaxe TAEIER!

Ensemble average equal to

tlme average Toda, Kubo, Saito, Statistical Physics I, Springer-Velarg,1983



Ergodic Theory
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Time average of physical variables

1 Nstep
Ey=—— Y E,
< > N step z=zl

R e

- - J
3kB N step 3kB i=1 particle  j=1

In general, i=1 is not the initial time!
Must discard all non-equilibrium trajectories




Mean value and fluctuation

Nste
1 p

STD(E)=\/N S (E-(E)) ##

step i=1

=\/Nj (<E2>—<E>2)




Mean value and fluctuation

(AK)°) W
(kY  3N{ 2C,
Phys. Rev. 153: 250 (1967)

1 JU(R)
P_ = Nk,T —— v,
nt B 3<2 ] (9}” >

i<j ]

J. P. Hansen, |. R. McDonald, Theories of simple liquid,
3rded. 2.2.9



Radial distribution: g(r)

1. histogram
n(r) = hist(XX)

2. o) o2 ()

N(N -1) _ Ay’ (Ar) |




Radial distribution: g(r)

3.0 —
2.0 | -
IS
1.0 -
OO ) Jl 1 ] 1
0.0 1.0 2.0 3.0

1=1.5043; p=0.8442



Dynamic information:
correlation function

Cu (D) =(AMA0))
— % f A(D)A(t - T)dt

1 N-m-1
AMDAG+1/ At
Nmzl (i) A( >.

t=m-At
e. g.

1 Nneeded Nparticle
<CW(t)>=N— Y u@eui+t/An,  p= Y er

step  i=l Jj=1



Correlation function

Cyy (1) = (8X (1) * 6Y (0))

_1 f(X(z') —(X)) e (Y(t-1)-(Y))dr

N-m-1

— E (X(m+i)—=(X))*(Y(i)-(Y)),
Usage:
t=m-At (1) Exploration of

correlated variables
(2) Validation of the system

Xy(t) <X> <Y> having reached equilibrium.
STD(X)-STD(Y)

Cyy (1) =



Onsager’s regression of spontaneous fluctuations:
A consequence of Fluctuation-Dissipation Theorem.

Dynamic

Light
Scattering

With Applications to

CA)A(T)>
Chemistry, Biology, and Physics

4

Cot=0)=(4) &

Bruce ). Berne
and

Robert Pecora

TIME ——



Calculation of auto-correlation

QOO0
cu

cw e B B B B




Calculation of cross-correlation

Cag(1)




Software of obtaining ({t): Travis

TRAVIS - Trajectory Analyzer and Visualizer

/

The homepage has moved:
http://www.travis-analyzer.de

Last page update: Oct 13 2016
~ Last program update: Oct 13 2016
(current version: 1.14.0)

What is TRAVIS®?




Application of (t): spectra

— MD (Bulk)

1 Nneeded ;§

(ColO)=m— 3 D ftivr/ar) u
step i=1

Alw) = f (Cu(0))e™"dt e

Computing vibrational spectra from ab initio molecular dynamics
Phys. Chem. Chem. Phys., 2013, 15, 6608--6622



Dynamic information: MI

Mutual

p(a;,b;)
Information M= Ep(ai’bj)log :
ij

p(ai)p(bj)

Pro: Can show the Rl T ET Jﬁ— 70
. . A a)=n(a)/ N
correlations between — ogit.l 4.t g tSE ] e bl 60 pla;) =n(a;)
. ° L o of |oe A X o o _
orthogonal vatiables, T 7% [Ty [+ (=3 £ p(b;)=n(b;)/ N
. . c.‘ ." R L el b 8
and non-linear g —*‘: BT ':° < ?40 pla;,b,)=n(a;,b;,)/ N
correlations. 4T T T Y &%
. MRS 520
Con: Can show 02p Bt ot o Jon
correlation only, but R T
. [ ] (] ° 0
not causahty. (One 02 04 X 06 08 Olosobse(l)'illed Mt?fl]asl lnfo(r)r'riationo'25
can use Transfer
observed
Entropy to explore MI ~ MI + error _
Py P Exploring the
causality)

M,-M -M,+1 correlation among
error = different parts in MD

2N




Application of MI:

L. Q. Qiu, C. Shen, J. N. Song, Y.
K. Zhang and J. Z. H. Zhang, Molecular
Physics 116 (19-20), 2613-2621 (2018).

Residue No.

Residue No.

DCCM analysis

i 11 S . -
1 .’;100 ’.
A

Residue No.




Challenges of MD

(F)=-kyTInQ

0.
A(FY=-k,T In="m
< > ’ Qstrart

Q=7
F=70
§=77




Brief summary




Classics

Computer Simulation
of Liquids

Understanding
Molecular Simulation
From Algorithms to Applications

D. Frenkel and B. Smit,
Academic Press, 2002

Oxford University Press, 2017, 305 /75 — R !

Elements of

Molecular Dynamics
Statistical Mechanics: W. Smith
Theory and Molecular https://epubs.stfc.ac.uk/work/20477621
Simulation
Mark E. Tuckerman 2014 FE =3 ! 37!

Oxford University Press, 2010



Softwares

D E Shaw Research

hover to animate -- input script

physical analog (start at 3:25) & explanation
Download Desmond

Desmond and its source code are available without cost for non-commercial use by universities and other not-for-profit research institutions. If you are affiliated

with a commercial entity or have an interest in using Desmond for commercial purposes, please contact Schrddinger, LLC instead of registering here.

To obtain the curre of, 0 imsludf ke t it) for non-commercial use, you will need to register by filling out the
form that appears 1 er information you provide will, among other things, allow us to inform

you of any DesmonESagaate

Registration Form:

If you have previously registered to download any DESRES software package—and if your institutional affiliation, category of use, and intended use are all

unchanged since you last registered—please complete only the top portion of this form (including your name and e-mail address) and submit it.

"insert clever motto here”
(Learn more about real Amber)



Softwares

GROMACSHge=

NAMD

ScalableMolecular Dynamics

CHARMM

Chemistry at HARvard Macromolecular Mechanics

%) STFC DL _POLY

Scientific Computing Department

STFC Home > SCD Home > Research and Development > Applications Division > Comp
The DL_POLY Molecular Simulation Package




Figure 1.2. Studying responses of a ‘black box’.
Alexei M. Tsvelik, Quantum Field Theory in Condensed Matter Physics, 2003



Frontiers of MD

Sampling

Niels Hansen and Wilfred F. van Gunsteren J. Chem. Theory Comput. 2014, 10, 2632-2647
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1. — 4 S35 o 9] A4

2 3 4
V(X)=c, +c,x+cx" +¢c,x +Cx

C, 9.134 di=  4.134137
m =1837.152556
C2 -10.201 T.=  0.316678E-5
Cs 4.542 x,=  1.32281
Ca 0.744
Cs 0.04
HRERF, BT, FHEERAENE TR 5 A
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V£ b

Ariix
Quantity =~ Reduced units Real units
temperature T* =1 ~ T=1198K
density p* = 1.0 — p=1680kg/m?>
time At* = 0.005 — At=1.09x10""s
pressure P* =1 «~ P =41.9 MPa

e kg=119.8 K. KE BRI 0=3.405A, &
£0.03994 kg/mol, 8641MNEF.
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Ar(t)°
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. time 0.0041 ps &"
End

JronE . BE&121, d45: 021-66136131; ®R#: yongleli@shu.edu.cn




