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Introduction 
Variational formulation in modeling. Functions with values in the extended reals. Examples in 
imaging. 
 
Convex Functions 
Definition of convex functions, Jensens inequality, characterization by gradient and Hessian. 
Epigraph, relation between convex functions and convex sets. Lower semicontinuity, equivalent 
definitions, properties. Continuity properties of convex functions. Minima of convex functions, 
local and global minima, coercivity and strict convexity imply existance and uniqueness. 
 
Regularization and Subdifferentials 
Inf-convolution and Moreau-Yosida regularization, proximation (its variational characterization, 
firmly-nonexpansiveness). Subdifferentials, directional derivative, characterization of 
subdifferential. Fermats rule. Subdifferential calculus. 
 
Operators and Iterative Convergenc 
Orthogonal projection to convex sets, projection is firmly nonexpansive. Non-expansive, averaged 
operators, asymptotically regular operators, opials theorem. Convergence of picard sequence for 
averaged operators. Forward-backward splitting algorithm. 
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