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Calculation of the Gore et al. statistics [1, 2]

Following the approach of Bustamante et al. [1,2], consider a system at temperature T whose equilibrium

state is determined by a control parameter x. Let the system initially be in state A with control parameter

xA. If the system is evolved via a nonequilibrium process by changing x along a given path x(t) to some

final value xB , the Jarzynski relationship states that

exp(−∆GxA→xB
/kBT ) = 〈exp(−WxA→xB

/kBT )〉,

where ∆G is the free energy difference between equilibrium states A and B, W is the work done along

the trajectory x(t), kB is Boltzmann’s constant and 〈·〉 denotes an average over an infinite number of such

nonequilibrium experiments repeated under the protocol x(t). Alternatively, the Jarzynski average is an

estimate for the path x(t) traversed at infinitely slow velocity, i.e., by a quasi-static transformation [3, p.

339]. To calculate a full estimate of the potential of mean force over a reaction, a Jarzynski average

must be calculated at each trajectory sampling time xj . It should be emphasized that the Jarzynski

relationship is defined by an average over an infinite number of trajectories. Averaging over only a finite

number of trajectories introduces a truncation bias. Gore, et al. have reported methods to correct for

this bias. The calculation of the finite Jarzynski average for N replicates and one trajectory sample j is
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given by:

∆ĜJ (N) = −β−1log

[

1

N

N
∑

i=1

e−βWi

]

,

where

β =
1

kBT
.

The mean work is calculated as:

∆ĜMW (N) = 〈W 〉N =
1

N

N
∑

i=1

Wi.

Dropping the N for clarity, the dissipative work is given by:

W̄dis = 〈W 〉 − ∆ĜJ .

The bias and mean square error (MSE) require a function, α(W̄dis), which depends on a parameter C

(Gore, et al. equation 9):

α =
log[2βCW̄dis]

log[C(e2βW̄dis − 1)]
.

A sensitivity analysis demonstrated that the α function showed only minor differences for C = 30, 40 or

50, whereas C = 15 deviated to a larger degree from the others. C = 40 seems a good compromise.

A first order correction to the dissipative work is given by (sentence before Gore, et al. equation 19):

ˆ̄Wdis2 = 〈W 〉 − ∆ĜJ +
ˆ̄Wdis

Nα( ˆ̄Wdis)
,

and the final free energy difference estimator is given by Gore, et al. equation 19. This is the bias–

corrected Jarzynski average:

∆ĜJ2 = ∆ĜJ − B̂J2,

where

B̂J2 =
ˆ̄Wdis2

Nα( ˆ̄Wdis2)
.
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The MSE estimator is given by Gore, et al. equation 17,

MSEJ =
2W̄dis

βNα(W̄dis)
+

(W̄dis)
2

(Nα(W̄dis))2
,

and for the J2 estimator (used here):

MSEJ2 =
2W̄dis2

βNα(W̄dis2)
+

(W̄dis2)
2

(Nα(W̄dis2))2
.

The RMSEJ2 is given by sqrt(MSEJ2).
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