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Abstract

The theory of non-well-founded sets-that is, sets that are potentially cir-
cular in hereditary membership—can be applied to a semantic network knowl-
edge/belief representation, SNePS. It provides a particular type of node, the
base node, which represents a primitive concept, with a semantics that is
both influenced by and influences its dominating compound nodes. A se-
mantic function is defined that interprets each node in the network as a
non-well-founded set over the sensory input nodes (words, visual stimula,
etc.).

Under certain axioms governing SNePS structure, results show that the
semantics does not allow meanings that are circular to the point of vacuity,
and that the semantics is inherent in the graphical structure of the SNePS
network itself. The semantics supports SNePS principles such as that the
meaning of each node (concept) is distinguished from all others, and that the
meaning of a node is internal, dependent on its location with regard to other
nodes in the network (rather than on external phenomena). An enhanced
semantics, which incorporates into the hyperset semantics the relations used
to label the arcs, is also developed.
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198], [Nebel, 1991], [Smith, 1991, pp. 265 ff.]. The semantics of SNePS is intended
to be circular, notwithstanding its acyclic graph representation, in the sense that
the meanings of certain directly-connected nodes influence each other. We address
the provision of circularity in semantics using the theory of non-well-founded sets

:iis the tool.
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S | Circularity in Semantics

5 Several researchers in artificial intelligence and knowledge representation note that
} some real-world phenomena seem inherently circular [Barwise, 1989, pages 194~

375

'9‘4- Yantis (ed.), Intelligent Systems, 375-386.
995 Kluw?r Academic Publishers. Printed in the Netherlands.

T
\aqsT




3 : .
o
N i .
4,
A i)

A . -
N i
: % .7 =




376

s

© ©

Figure 1: Graphical pictures of 3 as a (hereditary) set

as sets themselves; sets are hereditary. A member of a set S might also be a subset
of S. When we need concrete objects that are not sets, we will call them ‘atoms’.
This simple mechanism permits the standard set-theoretic definition of the natural
numbers N as 0, {0}, {0, {0}}, {0, {0}, {0,{0}}},.... Each n € N is represented
by the set {m € N |m < n}, or, equivalently, n+1 = nU{n}, where 0 is identified
with zero. For example, § C {0, {0}} and 0 € {0, {0}}; 0 is both a member and a
subset of 2. The hereditary nature of these sets allows them to be meaningfully
depicted as rooted directed graphs, with the arrows showing membership. Figure 1
shows the set we call ‘3’ in two ways, on the right with unique occurrences of the
member nodes.

Various axiomatic systems of set theory have been developed; one standard
is that called Zermelo-Frankel Set Theory with the Aziom of Choice, abbreviated
ZFC. It has nine axioms, with the Axiom of Foundation, disallowing any sets
that contain themselves, either directly or indirectly, like the sets below:

a = {a} (1)
b = {s,t}, where s = {t} and t = {s} (2)

In his theory of non-well-founded sets, Peter Aczel negates the Axiom of Foun-
dation, retaining the others [Aczel, 1988]. The statement of his axiom relies on :
the graphical depiction of sets, where an accessible pointed graph or apg of a set is |
a directed graph with a distinguished node called the point from which all other -
nodes are reachable, which has a decoration, an assignment of sets to each node
such that the children are members of their parents’ sets. (A node with no children
is assigned the empty set.) Non-well-founded set theory is ZFC with the Axiom °
of Foundation replaced by a negation of it called the Anti-Foundation Axiom.

The Anti-Foundation Axiom: Every graph has a unique dec-
oration.

































