








Computation of Physical Averages

If the simulation could last for an arbitrarily long time, <A> could approach
arbitrarily the expectation value of A, which is what, ideally, we would like to
determine, and the initial transient would be rendered immaterial, as it would
represent a vanishingly small fraction of the simulation time.

But because in practice the simulation cannot take an arbitrarily long time, <A>
can only be estimated, by averaging over a finite period of time, and the
problem arises of assessing the reliability of the estimated value of <A>

Unfortunately, often the initial transient represents a significant fraction of the
total simulation time; thus, how does one go about eliminating, or rendering as
small as possible the effect of the transient on the final estimate of <A>?

‘ Error bars prove crucial to overcome both problems I
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Error Bars

Error bars determine a range, centered around the estimated <A>, within
which the “true” <A> is expected to lie with a specified probability.

Many simulation results are not meaningful without an associated error bar

Once a robust procedure is defined to calculate error bars reliably, then one can
empirically attempt to establish how many initial data points should be discarded,
in other words how long the transient is.

Typically, one wants to make sure that as little data as possible from the transient
region is included in the average, but at the same time one does not want to throw
away too much data.

What is usually done is to calculate the average < A > by discarding an increasing
number of initial data points until the average does not change, within error bars.

Occasionally, one may fail to reach such a limit: in this case, the simulation should
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Review: Error Bars

Averages are computed as: <A>= lEAI.

i=1
T . 2 2 2
Statistical error is then:  (0)” =(0A)°| 1=
(n-1)
2
A-<A
where: (5A)2=2i( e
n(n-1)

Actually, this is only true when two criteria are met: (1) the data is drawn from
a gaussian probability distribution, and (2) the data are uncorrelated

Jeffrey C. Grossman & Elif Ertekin, NSE C242 & Phys C203, Spring 2008, U.C. Berkeley



Reblocking Transformation

Blocking or “binning” method is simplest way to eliminate data correlation.

In this method, the data set is transformed, for example into one that is 1/2 the

size: A |
{ALAy Ay A} —={ALALA, LA, L

The statistical error is then recomputed, and the reblocking is repeated.

One can derive the following result (*):

0’ = (0A"?) = (BA"* V) = = (0A)* = (8A4)° = (8A)°

* see, for example, H. Flyvbjerg and H. G. Petersen, J. Chem. Phys. 91, 461
(1989).
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Reblocking Transformations

An example of the blocking method applied to a data set of 137,072 elements
from a Monte Carlo simulation.
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