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ABSTRACT 

In recent years, orthogonal representations of random variables and processes using the 
Karhunen-Loeve expansion and the Polynomial Chaos expansions have been used in 
conjunction of various constrained such as partial differential equations to characterize 
the probabilistic structure of stochastic processes with particular mathematical 
structures.  In this paper, we present a general description of stochastic processes that 
naturally permits the integration of a variety of such constraints.  This is done by 
construing the stochastic processes of interest as members of a suitably constructed 
functional space.  Specifically, we extend the Karhunen-Loeve expansion to vector-
valued stochastic processes with particular attention to distribution-valued processes. In 
the process, we explore the structure of the associated reproducing kernel Hilbert spaces 
(RKHS) and the weak form of the associated eigenvalue problem.  We identify the role 
that the dual of the phase space of the stochastic process plays in the analysis of this 
problem.  We show the significance of our presentations to various model reduction 
formalisms. 
 

 


