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Applications of interval computations usually assume that while
we only know an interval [z, Z] containing the actual (unknown) value
of a physical quantity x, there s the exact value x of this quantity —
and that in principle, we can get more and more accurate estimates of
this value. This assumption is in line with the usual formulations of
physical theories — as partial differential equations relating exact values
of different physical quantities, fields, etc., at different spatial locations
and moments of time; see, e.g., [2]. Physicists know, however, that
due, e.g., to Heisenberg’s uncertainty principle, there are fundamental
limitations on how accurately we can determine the values of physical
quantities [2, 5].

One of the important principles of modern physics is operationalism
— that a physical theory should only use observable quantities. This
principle is behind most successes of the 20 century physics, starting
with relativity theory (vs. un-observable aether) and quantum mechan-
ics. From this viewpoint, it is desirable to avoid using un-measurable
exact values and modify physical theories so that they explicitly take
objective uncertainty into account.

According to quantum physics, we can only predict probabilities of
different events. Thus, uncertainty means that instead of exact values
of these probabilities, we can only determine intervals; see, e.g., [3].

From the observational viewpoint, a probability measure means
that we observe a sequence which is random (in Kolmogorov-Martin-
Lof (KML) sense) relative to this measure. What we thus need is
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the ability to describe a sequence which is random relative to a set of
possible probability measures. This is not easy: in [1, 4], we have shown
that in seemingly reasonable formalizations, every random sequence is
actually random relative to one of the original measures. Now we know
how to overcome this problem: for example, for a sequence of events
wiwsy . .. occurring with the interval probability [p,p], we require that
this sequence is random relative to a product measure corresponding
to some sequence of values p; € [p,p] — and that it is not random in
this sense for any narrower interval. We show that this can be achieved
when lim inf p; = p and limsup p; = p.

We also analyze what will happen if we take into account that in
physics, not only events with probability 0 are physically impossible
(this is the basis of KML definition), but also events with very small
probability are impossible (e.g., it is not possible that all gas molecules
would concentrate, by themselves, in one side of a vessel).
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