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Abstract

Different representations of imprecise probabilities have been proposed, such as
behavioral theory [1], evidence theory [2, 3], random set [4], possibility theory [5, 6], probability
bound analysis [7], F-probabilities [8], and clouds [9]. These methods combine classical
intervals with probabilities to distinguish uncertainty from variability. In this paper, we proposed
a new form of imprecise probabilities based on generalized or modal intervals [10].

Given a sample space Q and a c-algebra A of random events over 2, we define the
generalized interval probability p:. A — KR which obeys the axioms of Kolmogorov.

Generalized intervals are algebraically closed under Kaucher arithmetic, which provides a
concise representation and calculation structure as a natural extension of precise probabilities.
For instance, the probability of the complement of an event E is p(£“) :=1—dual p(E).

With the separation between proper and improper interval probabilities, focal and non-
focal events are differentiated based on the associated logical semantics of generalized intervals
in system analysis. Focal events have the semantics of critical, uncontrollable, specified, etc. in
probabilistic analysis, whereas the corresponding non-focal events are complementary,
controllable, and derived.

A generalized imprecise conditional probability is defined based on unconditional
interval probabilities such that the algebraic relation between conditional and marginal interval
probabilities is maintained. A generalized interval Bayes' rule (GIBR) is also proposed. The
GIBR allows us to interpret the logical relationship between interval prior and posterior
probabilities.
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