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Which Thermostat/Barostat Algorithm Should We
Choose for Our Molecular Dynamics Simulation?

Chanil JEON, Juin KIM and Hawoong JEONG

The prototype of a molecular dynamics simulation is a
pure solution to the classical Newtonian equation of
motion depicting a microcanonical ensemble. To compare
the simulation results with the experimental data ob-
tained at constant temperature or pressure, we need to
attach some numerical apparatus regulating temper-
ature or pressure to our original molecular dynamics
simulation so that we have a canonical ensemble or an
isobaric ensemble. There are several such algorithms in
this regard, the so-called thermostat or barostat,
respectively. This article introduces these algorithms,
discusses their characteristics and identifies their ap-

propriate uses.
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NVT ensemble

N PH ensemble

Fig. 1. Concept of the canonical and isobaric systems in molecular
dynamics simulations. The thermostat and barostat algorithms corre-
spond to controlling 6Q and 8V for each.
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NVE ensemble

Standard MD

NVT ensemble
Thermostats

- Velocity rescaling
- Berensen method
- Andersen method

- Nose-Hoover method

NPH ensemble

Barostats

- Berensen method
- Andersen method

- Parrinello-Rahman
method

- Langevin dynamics
- DPD

NPT ensemble

Thermostat + Barostat

Fig. 2. Thermostat and barostat algorithms related to the statistical
ensembles.
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Fote F7F AFEE =95k, o Aw=Es #EdE #& FEth
AZe] I Argstgtt oz Ry 49 A9 HUE chldoly DNA, & 19 coarsegrain FE|9 UAE
Usks A8, 7MY dAZAE AHgSte S A9 = BE =% 22 &9 JAEH} g5k e, ol
A gE FEEY w2l dh 48 #He FAE A9 22 @44 Langevin 59t &u AAE I @A &
BE SFEY B drds 38 Utk wEA & I Guj2FES upEe o5 aHE FE J|es] A A
gAY sfEEYCte g Y fE3dEAS EH BAAl 3 2 Wol7] w&ol|, Langevin ==X ZE T A
= YA AR 5FY B £EE 45 F Aok oF A9 5 &-&(hydrodynamic interaction)o] %23
A AR 2= FEd FHeg, dE4Q HF Brolle A& + glth oAl Zal, Langevin =G|
(stochastic variable)& =954 FIAE FF& SEEY €9 & Andersen WEAH 999 Wgow TS HHMOF
s 7led =+ A "o 7] WEoll £EFol EEHA ¥a, A wE &= @
Nosé-Hoover?] WOz 4A AlgdH o) H&s17] 4 FHA|(velocity correlation)= "FEAIF] wmeEt € A o
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= RS A Fol 9la, o] miEATE Al 2EeluA 2] wet L angevm S2E2EZA Y HE&E& AFsHA 23
7b date 2ERT IW FTbska, oW fiske HEY of gt ol wel, 4 WF £FF HEo] Tas Al
9 FAg Za ik o, 7H EAZAY radFgY & %ﬂ]o]’ﬂo]ﬁ}tﬂ T BEo| He e 2EXEPAE 2
= AEHold F3A] npAe Wstes AYshke 8% A, 25F HEo] Bast JFORE Langevin 25 T
w7 " Ag A& e PHE A= @t

Nosé-Hoover g4 ALstal, AA| AtmAl] F5+ & o714 Langevin F92 2EZLZAZA AFEHUA
o] AREE= FAoA| gl EeAld mEA e Al =71 3 9 SEXHZAR V)edthe Yt AdE 255 T
TS Yeile 5 #AREE Eorl® vk o] Wi A A 45a48S FAI9 implicit solvent®] 7HA
Nosé-Hoover chain®] 794t Zo] oz e dAZA) o Folge 97t Atk

£ =Yoted A9 =5 2 Pl 5ol FUEE ALEA
E}. ¥, Martyna, Tuckerman, Klein 5& t& oz 714 (6) DPD
G = FaFR S Ed SAKH Wz FA DPD(dissipative particle dynamics)E F49 ZH&ZXA]
A 5 e S5PEAe etk (rtheology, +&)& T-Ast7] 91al ¥=oA% AlEdold 718

oIt DPDellA] o] 27t T Uz} Alole] Zgohe A2 B

(5) Langevin &%} T8, F 4R ZuEEel #AE e vHEE, J8a
Langevin 2E=Z3 X+ Langevin <% 3g2dl 71 %3} nFES BEFE o]z Folt}h, BEH F& BHEQ A
+ &3 &% %Hstochastic dynamics)& &3l Hsh= == EYoldoA F A Atelo] FEsh= s ToH, F dA
2 2ok e AgIR gzt e5uE Wi 9 s 54& Uehlle oz AlEdoldY coarse
For IR o HlFshs wEEE Fi, ol BIEst grain® F=o weh e THHo] t=2rh npEEg =
L o)z %(stochastlc force) & AYste] Foixl 25 & o]z @& Langevin &3t IAF {AKGH], o] F ¢
Foj7k= Z°] Langevin 5849 W&otk o|FA F Ap Zrel Aoz ZgJrhs o] tEh o] F Fo] 2EX
S A dobe 2% AFste B GHES WwEA 2 ARAR ZAEerh e 2EXEAAAY 254 71iA
o} Langevin 2EZEZAE A& SloA, nEE e Y  Fol gl BEY, npEE, olz BF YApY dsF
T 4A FH 2EE As|7F AEolAA, dotke 2= &ate Yo AET] Bl A F P2 00 HH, &
AZF toks W7kA] olF 2@ AIREE 7|t o Stk WHHE EFo] BEHY. A FRdAM = ZEuEE HH Y B

HEg UT A FH sk 5950 molx ol 94
e WA Ak de BE o714 Ak shage) v

e g3ke 898s B & JES e M A2
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