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The calculus of probabilities, in addition to being a numeric tool, is a kind of logic; it falls into the category of multi-valued, non-truth-functional logics.  However, this logic has its limitations.  There is a variety of questions that arise in both everyday reasoning and in science that the probability calculus cannot answer.  Some of these questions are explicitly probabilistic, some only implicitly so.  For example: If the conditional probability of A given B is 0.8, what is the best estimate of the conditional probability of not-B given not-A?  Another example: If nearly all A’s are B’s and nearly all B’s are C’s, should we expect that nearly all A’s are C’s?  To answer such questions, new probability logics are needed.

In this talk, we present both general background and specific new results for one branch of probabilistic reasoning, namely, entailment (of conclusions from premises) in conditional probability logics.  We also present both old and new significant results in a little-known and underdeveloped field at the juncture of probability theory and algebra – conditional event algebra (CEA).  CEA has already proven very useful in both formulating and deriving results in our ongoing efforts in conditional probability logics.

In summary, our presentation will cover all, or parts of, the following topics of relevance:

1. The meaning of entailment schemes and associating possible validity / invalidity, using various criteria based on probability or other concepts. Development of conditional probability entailments logics, including: High Probability Logic (HPL), Certainty Probability Logic (CPL), (Unscaled) Near Surety Logic (UNSL), Entropy Probability Logic (EPL), and the related non-probability Material Conditional Logic (MCL).  

2 Use of second order probabilities and a fundamental modification of MCL—Modified Material Conditional Logic (MMCL)—leading to the theorem that entailment validity for UNSL coincides with that for MMCL.

3. Introduction, brief history, and motivation for developing CEA as an underpinning for conditional probability, and therefore for analysis of entailment in conditional probability logics.  Response to Lewis’ “triviality” result and construction of a boolean / sigma-algebra form of CEA, with a new characterization theorem.

4. New extension of quantitative aspects of UNSL in terms of two additional modifications of MMCL / UNSL, together with estimation of posterior conditional probabilities.  Applications to patterned entailment schemes and comparisons of various logics, including use of a new characterizing theorem for EPL in terms of MCL.

