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In 1993 physicist Richard Gott published an approach to make probabilistic predictions based on
an ingenious appeal to the so-called Copernican Principle. This principle requires that any given
proposition so founded does not appeal to assumptions of any privileged, special, or unique state
or perspective. On this basis Gott derived a formula for the survival/continuance of an ongoing
process about which only its age is known – in other words, the earliest and latest times during
which interval, with a specified probability, it would NOT end. B. Monton and B. Kierland
(MK) gave a rather tortured and long derivation of Gott in their ‘How to Predict Future Duration
from Present Age’ published in the January 2006 Philosophical Quarterly, while banishing many
of Gott’s critics along the way. Carlton Case, refusing to be banished, pulled an equal number of
fingernails “debunking” Gott’s proofs and examples, yet endorsing the conditioned correctness
of his basic result. (‘Predicting future duration from present age: Revisiting a critical assessment
of Gott's rule’, 2008)
Motivated by Gott, we here offer the derivation and demonstration of an elegant reformulation of
the ‘Gott rule’ for answering the perhaps more useful question, ‘what is the probability PE that an
ongoing process, which started an interval T in the past, will terminate sometime during the next
chosen interval of interest ΔT starting now. We also show how this formulation can be extended
to answer additional questions about the probabilities of future termination times, including
Gott’s original question. The timeline of a generalized minimally known process (MKP) is
shown in Figure 1 which defines the relevant terms.
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The times tS, tN, tE denote respectively the time the process started, the time now, and the
unknown time the process will end. From the figure T = tN – tS, and the lifetime of the process is
given by the unknown TL = tE – tS, with the equally unknown time left TF = tE – tN until the
process terminates. Of interest here is the probability PE that tE will occur sometime during the
next ΔT. Depending on the chosen value for ΔT, it may exceed (for ΔT+) or fall short (for ΔT-)
of the unknown time left as shown.
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The Copernican argument posits that tN enjoys no special time in the lifetime of the process.
From the above figure, this means that (tN – tS)/(tE – tS) = T/(T+TF) is a random variable
uniformly distributed in the [0,1] interval. From this we also affirm Gott’s claim that all
subsequent derivations for such minimally known processes are totally scalable in time, applying
equally for units from microseconds to millennia. Gott summarized his main result as the
probability PS that the process survives past the next interval of interest YT.

PS (TF  YT = T ) =

1
1+ Y

(1)

At this point we emphasize that Gott’s result and the results here in the sequel apply ONLY to
MKPs to which we can assign no other quantifiable attribute save its age T. If additional
constraints are known to exist for the process in question, then the ‘minimally known’ proviso is
violated and Gott’s rule (1) does not apply. We note that (1) demonstrates that Gott’s rule is
totally scalable in the time domain, and it can be rewritten in terms of the parameters introduced
here as
PS (YT = T  TF ) =

1

1+ T

=
T

T
→ PE = 1 − PS
T + T

(2)

From this we can now write the critical formula to keep in mind that calculates the more
interesting probability PE that a minimally known process of age T will change (i.e. transform or
end) sometime within the next ΔT.
PE =

T
T + T

(3)1

In the remainder of this report we will demonstrate the correctness of this formula, and show
how it can be extended to answer other questions about the future of MKPs.
The correctness of (3) will be demonstrated through a Monte Carlo simulation that replicates the
Copernican Principle requirement and requires only knowledge of T and a specified ΔT of
interest.
We preamble the simulation by noting that the scalability of Gott’s rule allows us to use the
dimensionless ratio h = ΔT /T to further simplify (3) as
h
PE =
1+ h

(4)

We also note that regardless of the units used, every (T, ΔT) tuple yields a pure numeric h ≥ 0,
and every h determines a unique PE. This means that (4) holds for all such tuples. To generate
1

An alternative derivation of this seminal formula is presented in the appendix.
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this function over some domain, say, h   hL , hH  , we begin by picking an h and then generating
a random T value between the normalized (0,1) interval as required by the Copernican Principle.
Then we use the selected h to generate the required ΔT = hT. If T+ΔT = (1+h)T ≥ 1, then this
sampled process ends within the normalized [T,T+ΔT] interval, and we increment the end-count
number NE. And if (1+h)T < 1, the process is still ongoing at the end of T+ΔT, and we proceed
to the next sampled random T for the chosen h. The process age T is sampled N times at the end
of which we estimate the value of PˆE ( h ) = N E N . We repeat this for each of the h values
chosen to span [hL,hH], and compare the results (red) to the theoretical values (blue) derived from
(4). The results over [0,10] for N = 5,000 are plotted in Figure 2, and demonstrate that (3) is a
correct formulation of Gott’s theory. We also note that a plot of PE(h) over an appropriate range
is all that is needed to do quick estimates and answer even more interesting questions about such
minimally known processes. These we tackle next.

Gott Extended
Suppose that we are now interested in a specific time interval of given length that starts at some
time in the future. The timeline for this is shown in Figure 3 where ΔT1 = t1 – tN, ΔT2 = t2 – tN,
and the interval of interest (red) starts at t1 and is of length ΔT12 = ΔT2 - ΔT1.
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The probability PE(t1, ΔT12) that the process ends during ΔT12 must be conditioned on its not
ending before t1. We write this as

PE (T , t1 , T12 ) = Pr ( survives thru T1 ) Pr ( ends in T12 , having survived thru T1 )
= PS (T , T1 ) PE (T + T1 , T12 )
 T 
  T  T2 − T1 
T12
=

=


 T + T1  T + T1 + T12   T + T1  T + T2 
T ( T2 − T1 )
h2 − h1
=
=
= P (h , h )
(T + T1 )(T + T2 ) (1 + h1 )(1 + h2 ) E 1 2

(5)

where hi = ΔTi /T for i = 1,2. We see from (5) that it behaves properly when ΔT1 reduces to zero,
and/or ΔT2 approaches infinity in the limit. Examining the latter result in more detail is
instructive. The quick intuitive conclusion for what happens when ΔT2 gets very large is that
PE(t1, ΔT12) should approach unity. For most certainly the process would then end during ΔT12.
But this is not the case when we formally examine the limit as ΔT2 approaches infinity.

T ( T2 − T1 )
T  T2 − T1  
T
lim  PE (T , t1 , T12 ) =
=
=
= P (T , t ) (6)



T2 →
(T + T1 )(T + T2 ) T + T1  T + T2   T + T1 S 1


The correct conclusion is shown in (6) when we recall the actual question answered by
PE(t1, ΔT12) in (5) – what is the conditional probability that the process will end in some future
ΔT12? When ΔT12 gets very large then it becomes certain that the process will end then IF it
survives long enough to get to the beginning of that future time interval. And that is the answer
provided by (6) which shows that the conditional probability of the process ending in ΔT12 is
equal to the probability of it first surviving long enough to enter that future time interval.
A further proof of the correctness of (5) is showing that the sum of the probabilities that the
process will end during either ΔT1 or ΔT12 should equal the probability that it ends in ΔT2.
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?

P ( T2 ) = P ( T1 ) + P ( T12 )
T ( T2 − T1 )
T (T + T2 ) + T ( T2 − T1 )
T2
T1
=
+
= 1
T + T2 T + T1 (T + T1 )(T + T2 )
(T + T1 )(T + T2 )
=

T T1 + T1T2 + T T2 − T T1
T1T2 + T T2
=
(T + T1 )(T + T2 )
(T + T1 )(T + T2 )

=

(T + T1 ) T2 = T2 , QED
(T + T1 )(T + T2 ) (T + T2 )

Finally, we note again that using the scaling ratios hi allows us to reduce the ‘dimensionality’ of
PE. Noting that the form of PE(h1,h2) is actually the generalized surface that answers all such
process ending questions in a future interval, we can visualize it as shown below in Figure 4.
From (5) it is clear that the surface holds only for h2 ≥ h1.
We conclude by reminding the reader that a number of other questions regarding the survival and
terminating probabilities can be formulated and answers computed using the type of analysis
illustrated for deriving (5).

Figure 4
Appendix: The following derivation of equation (3) also relies on the Copernican assumption
and the scalability of the result which makes it independent of the time frames considered.
Figure A1 describes the necessary terms and timeline. The figure is drawn to the correct relative
scale for all terms shown. As noted above, scalability allows us to reduce the dimension of the
problem by using the ratio h = T T , which we are free to select and fix in our calculation of
PE, the probability that the process will end during ΔT.
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The Copernican principle is illustrated in the figure through normalizing the schema that assigns
unity to the unknown process lifetime TL = tE – tS = 1, which is permitted by scalability. The
likelihood of the observed T = tN – tS is then constant within the indicated interval (0,1), where its
probability density f(T) = 1/TL. With this preamble we write
T + T = (1 + h ) T .

(A1)

The calculation of PE starts with the identification of the T-aged process, and selection of the ΔT
of interest, which fixes h. And it is clear from the figure that for the process to end within ΔT
from now requires that T + ΔT = (1+h)T > 1. From this we proceed directly to T = 1/(1+h), the
age threshold of the process, that if exceeded, guarantees the process will end during ΔT = hT
since it contains tE.
So the basic question is that when we are presented with a process age T, and we pick a ΔT of
interest, what is the probability that the sum of their unknown normalized values exceeds unity
(one). As seen from the figure, this probability turns out to be PE, which we now formulate as
follows.

PE = Pr (T + T  1) = Pr (T  1 − T ) = Pr (T  1 − hT )
1 
1
h
T

= Pr  T 
= 1−
=
=
 Copernican
1 + h  appeal
1 + h 1 + h T + T


(A2)

f (T ) =TL−1
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