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In this chapter we discuss some of the inter-relationships between the
initial value problem, the canonical formalism, linearization stability
and the space of gravitational degrees of freedom. In the last decade,
these topics have experienced a resurgence of interest as more advanced
mathematical methods and viewpoints have begun to show the intimate
relationships among these topics. At present, the literature regarding
these areas of general relativity is a rapidly expanding body of know­
ledge.

Our purpose here is to present the current state of affairs from our
own point of view. We shall use geometric methods developed by the
authors to establish various conn~ctions between the above-mentioned
topics. The main tools we shall use to develop this material are
nonlinear functional analysis, an adjoint formalism for Hamiltonian field
theories, and infinite-dimensional symplectic geometry. As we shall see,
these tools and the topics we shall consider are naturally related.

For a more complete picture of the current state of affairs, the reader
is urged to consult Choquet-Bruhat (1962), Arnowitt, Deser and Misner
(1962), Hawking and Ellis (1973), Misner, Thorne and Wheeler (1973),
Hanson, Regge and Teitelboim (1976), Kuchar (1976, 1977), Muller
zum Hagen and Seifert (1976) and Choquet-Bruhat and York (1979).

Section 4.1 develops the Hamiltonian formalism for the dynamics of
general relativity, usually called the ADM (Arnowitt, Deser and
Misner) formalism. This is done using invariant concepts and the adjoint
formalism developed by the authors. We show how to write the Einstein
dynamical system explicitly in the compact form

Evolution equation. @) ~ J 0 [D<p(g, ,,)}* (.0,

Constraint equations <I>(g, 1T) = O.
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