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1. Introduction. There are several known necessary and sufficient conditions
that a combinatorial graph be planar. This paper aims to establish another
such condition which has a more intrinsic character, in that it is obtained directly
from an analysis of the structure of the graph. More explicitly, the new con-
dition depends on a unique decomposition of the graph into certain maximal
triply connected subgraphs. This deconposition can be viewed On its own
merits as a generalization of the Whyburn cyclic element theory.
The first combinatorial criterion for a planar graph is due to Kuratowski,

who showed that a graph is planar if and only if it contains no subgraph homeo-
morphic to one of the two following graphs" the graph composed of five vertices
and ten edges, in which each pair of vertices is joined by an edge; the graph
composed of six vertices, arranged in two sets of three vertices each, and of nine
edges, such that each vertex of the first set is joined to each vertex of the second
set by an edge. Subsequently, Whitney defined combinatorially the relation
between a graph and its planar dual and showed that a graph is planar if and
only if it has a planar dual. A third condition states that a combinatorial
graph is planar if and only if it contains a complete independent set of circuits,
modulo 2, such that no edge appears in more than two of these circuits.
The application of any of these theorems to a particular case has a haphazard

character because one must inv(stigate any possible smallest non-planar sub-
graph or any possible dual or my possible complete set of circuits. We seek
an intrinsic condition ;’ that is, a condition expressible in terms of configurations
which are associated in unique manner with a given grapt. An example of
such a condition is the result of Whitney, that any graph G can be broken up
uniquely into non-separable components and that the graph is planar if and
only if each of its non-separable components is planar.
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