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Relative entropy is a generic systematic CG method. It can be

used effectively to optimize structure-based CG potentials.

What is the goal of the systematic coarse-graining?

What is relative entropy? And how it is useful for
systematic coarse-graining?

\V

Examples of coarse-graining by relative entropy in VOTCA.




Main objective of systematic coarse-graining is to mimic

finer-level system.

COM Mapping
o REMM R /
AA CG

CG should mimic AA

P (M(r)) =P (R)



\a Ry O/
Paa (M (r)) = P (R)
(@(M(0)),, =(@(R))




Relative entropy is a metric of an error between AA and CG

configurational probabilities.

_ Paa (1)
Spel = Z pAA(ri)ln£ STY (n))}smap

SreI 2 O

In canonical ensemble

Srel — :B<UCG _UAA>AA _IB(ACG — AAA)+ Smap

Shell, JCP (2008); Chaimovich and Shell, JCP (2011)



Minimize relative entropy to optimize CG potentials.

CG interaction function: Uce (ﬂl, ﬂz - /1n )

aS rel — O
O\

Minimize S

rel

Newton-Raphson update: )\‘k“ — )\,k — ZH_l . V/ISrel



Evaluation of H and VS
UCG W.rnt. 4

rel requires only the derivatives of




Equivalence of relative entropy minimization with other

coarse-graining system:

Structure: IBI / IMC Forces: FM
5Srel 5Srel — O
=40 SU
5UCG, pair (R) CG
U.. =PMF,,

gAA(R) = Uce (R)

Chaimovich and Shell, JCP (2011); Rudzinski and Noid, JCP (2011)



Algorithm: Relative entropy AA MD data
minimization in VOTCA

Initial guess CG 4

(cubic B-splines, or LJ, ...)

Compute CG potentials and
perform CG MD simulations

Compute /38 ..] and H,
And Update A

Converged

Average A and write output
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Coarse-graining SPC/E bulk water:

All Atom — Coarse-grained 6

SPC/E Cubic B-Splines
T =300 K
0 =1.0 g/cm’
r..=0.9 nm

Ar =0.02 nm

11



u(r), kJd/mol

Coarse-graining SPC/E bulk water:

All Atom
SPC/E

Coarse-grained
Cubic B-Splines
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Coarse-graining water-methanol mixture:

SPC/E water + OPLS methanol CG water + CG methanol
ME-ME:
! I AL r,, =132, Ar=0.02 nm
number of H-0 37H2 2000 248
number of MeOH 248 2000 3752 ME-WT:
X 06 ! 9
mo 0.062 0-5 0-938 r., =132, Ar=0.02 nm
p g/em” 0.97 0.885 0.80
WT-WT:

I, =1.00, Ar=0.01 nm
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Coarse-graining water-methanol mixture: X,,, = 0.062

10.0 10.0
ME-WT =
8.0~ WT-WT
8.0
6.0 |-
o
S 40k 6.0 -
“% -
& —
2.0 | ')
E 4.0 -
=S 0.0
2.0 F
4.0 JCHCHOROIORCHCHCHCHCHORCHO G OO CHOCHO O
| | | ! | | | | ! | ! | ! |
0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.4 1.6 1.8 2.0
. NM
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Coarse-graining water-methanol mixture: X,,, = 0.5

10.0 10,0 -
ME-WT =
8.0~ WT-WT
8.0 |
6.0 |-
o
S 40k 6.0 -
“% -
& —
2.0 | o
—
—
=S 0.0
2.0 F
-4.0
| | | | | | | |
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.4
.. Nm
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Coarse-graining water-methanol mixture: X,,, = 0.938

10.0 0.0
8.0 8.0 |- ‘i]
7.0 |
6.0 |
O 6.0
S 40k
ey
-
A
2.0
—
—
5 0.0
2.0 F
-4.0 F
| | | | | | | |
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.4
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Coarse-graining water in graphene slit channels:

State T K] p [gm/em®]
I 298 1.0

I1 328 0.985

ITI 400 0.935

v 523 0.8

A 673 0.66

-
-
-
»
r
"
r
r
7
"
r
v
r
r

r. =1.0 nm
Ar=0.02 nm
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24.0

15.0

= 12.0

—

24,

= 6.0
0.0
-6.0
0.9

= 06

—

A

= 03
0.0
0.3

S. Y. Mashayak and Aluru N. R., JCP (2012)

(a)
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e
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|
(b)
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Transferability / scaling of CG potentials of water confined in

graphene slit channels.

2-point linear interpolation

u(r,T)=C,_ xu(r, T, )+C,xu(r,T,)

c, =T For T =310 K, T, =298 and T, =328 K
TU _TL

C, = TT ‘1% For T =473 K, T, =400 and T,=523 K
u 'L

S. Y. Mashayak and Aluru N. R., JCP (2012) 19
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Conclusions

1. Relative entropy is a generic systematic CG method.

2. It can be used effectively to optimize structure-based CG
potentials.

3. Structure-reproducing CG potentials for:
1. SPC/E bulk water: RDF
2. Water-methanol mixtures: RDF
3. Water in graphene channels: Local density profiles
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Thank you for listening!
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Uniform cubic B-spline functional form

200 . . . . . 1 4 1 0] _Cj |
180 i oo (I‘) _ [1 t 2 '[3]3 -3 0 3 0 Cj+1
E | 6| 3 6 3 0f¢C,
= Extrapolate || | -1 3 3 1 | Ciia |
-
50 il ' R r—r
r<Rmin Ar=—%L  r<r<r, t=—
0L , A : . . n _1 J j+1 Ar
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r, 1M 23



