9. Importance sampling

Metropolis

Rouse algorithm

Norman-Filinov algorithm for
grand canonical ensemble

Finite size problem, periodic
boundary conditions
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1.5.4 Computer code for periodic boundaries

How do we handle periodic boundaries and the minimum image convention,
in a simulation program? Let us assume that, initially, the N molecules in the
simulation lie within a cubic box of side L, with the origin at its centre, i.e. all
coordinates lie in the range (—4L,4L). As the simulation proceeds, these
molecules move about the infinite periodic system. When a molecule leaves the
box by crossing one of the boundaries, it is usual to switch attention to the
image molecule entering the box, by simply adding L to, or subtracting L from,
the appropriate coordinate. One simple way to do this uses a FORTRAN IF
statement to test the positions immediately after the molecules have been
moved (whether by MC or MD).

IF ( RX(I) .GT. BOXL2 ) RX(I) = RX(I) - BOXL
IF ( RX(I) .LT. -BOXL2 ) RX(I) = RX(I) + BOXL

Here, BOXL is a variable containing the box length L, and BOXL2 is just
half the box length. Similar statements are applied to the y and z coordinates.
An alternative to the IF statement is to use FORTRAN arithmetic functions to
calculate the correct number of box lengths to be added or subtracted

RX(I) = RX(I) - BOXL * ANINT ( RX(I) / BOXL )

The function ANINT(X) returns the nearest integer to X, converting the
result back to type REAL; thus ANINT (—0.49) has the value 0.0, whereas
ANINT (—0.51)is — 1.0. By using these methods, we always have available the
coordinates of the N molecules that currently lie in the ‘central’ box. It is not
strictly necessary to do this; we could, instead, use uncorrected coordinates,

and follow the motion of the N molecules that were in the central box at the
start of the simulation. If it is decided to do this, however, care must oe

taken that the minimum image convention is correctly applied, so as to work
out the vector between the two closest images of a pair of molecules, no matter
how many ‘boxes’ apart they may be.



The minimum image convention may be coded in the same way as the
periodic boundary adjustments. Of the two methods mentioned above, the
arithmetic formula is usually preferable, being simpler; the use of IF
statements inside the inner loop, particularly on pipeline machines, is to be
avoided . Immediately after calculating a pair separation
vector, the following statements should be applied:

RXIJ = RXIJ - BOXL * ANINT ( RXIJ / BOXL )
RYIJ = RYIJ - BOXL * ANINT ( RYIJ / BOXL )
RZ1J = RZIJ - BOXL * ANINT ( RZIJ / BOXL )

The above code is guaranteed to yield the minimum image vector, no matter
how many ‘box lengths’ apart the original images may be.

The calculation of minimum image distances is simplified by the use of
reduced units: the length of the box is taken to define the fundamental unit of
length in the simulation. Some workers define L = 1, others prefer to take
L = 2. By setting L = 1, with particle coordinates nominally in the range
(—4%, +1), the minimum image correction above becomes

RXIJ = RXIJ - ANINT ( RXIJ )
RYIJ = RYIJ - ANINT ( RYLJ )
RZIJ = RZIJ - ANINT ( RZ1J )

which is simpler, and faster, than the code for a general box length.

Now we turn to the implementation of a spherical cutoff, i.e. we wish to set
the pair potential (and ali forces) to zero if the pair separation lies outside some
distance .. It is easy to compute the square of the particle separation r;, and,
rather than waste time taking the square root of this quantity, it is fastest t0
compare this with the square of r., which might be computed earlier and
“stored in a FORTRAN variable RCUTSQ. After computing the minimum
image intermolecular vector, the following statements would be employed:

RIJSQ = RXIJ #** 2 + RYIJ #* 2 + RZIJ *% 2
IF ( RIJSQ .LT. RCUTSQ ) THEN

. compute i-j interaction ...
. accumulate energy and forces ...

ENDIF
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