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Abstract In this paper we show that elementary properties of joint probability den-
sity functions naturally induce a universal algebraic structure suitable for studying
probabilistic conditional independence (PCI) relations. We call this algebraic system
the cain. In the cain algebra, PCI relations are represented in equational forms. In
particular, we show that the cain satisfies the axioms of the graphoid of Pearl and Paz
(Advances in artificial intelligence. North-Holland, Amsterdam, 1987) and the sepa-
roid of Dawid (Ann. Math. Artif. Intell. 32:335–372, 2001), these axiomatic systems
being useful for general probabilistic reasoning.
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1 Introduction

The concept of conditional independence (CI), both probabilistic and non-
probabilistic, has found its use in many fields including statistics and artificial intel-
ligence. Various formal theories exist for exploring the nature of CI. These include,
but are not limited to, the probabilistic approach of Dawid (1979a) and Spohn (1980),
Dempster–Shafer’s theory of evidence [see Shafer (1976) and Shenoy (1994). See
also Schoken and Hummel (1993) and Teixeira de Silva and Milidiu (1993) for appli-
cations], theories in relational databases (Sagiv and Walecka 1982), Spohn’s kappa
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