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A Foundation of Equivalent Transformation on
Variable Substitution Structures

KivosH! AKAMA," HIDEKATSU KOIKE' and EIICHI MIYAMOTO!

Terms consist of constants, variables, and compound terms, while strings consist of con-
stants and variables. A multiset (or a bag), which consists of constants and variables, has
no order between the elements. The structures of terms, strings, and multisets are mutually
different and the variables are also different in the sense that they are replaced with, respec-
tively, terms, strings, and multisets. In spite of these differences, they have many common
characteristics in computation. No general theory has yet been established, however, for dis-
cussing computation on these data structures in a unified manner. Therefore we could not
discuss explicitly the common structure of computation on such data structures and could
not avoid from constructing many similar theories.

In this paper we formalize the common structure of these data structures as a mathematical
structure, called a “variable substitution structure.” Based only on this structure, we intro-
duce a basic concepts of computation such as occurrences of variables, bindings, terms, ground
terms, atoms, constraints, substitutions, definite clauses, declarative descriptions, and mean-
ing of declarative descriptions. We also propose a basic theory of equivalent transformation
rules, especially for equality constraints and flattening.

Since this theory is only based on the variable substitution structure, it is applicable to all
specific theories of computation on data structures including the domain of terms, strings,
and multisets.
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