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Course description: The course introduces students to static and dynamic optimization. The 
analysis focuses on the development of some mathematical tools that are fundamental for the study 
of advanced models in economic theory 
 
Learning objectives: The course will offer an organic overview of some mathematical tools used 
in economic theory. The students will learn how to use some mathematical notions and results in 
economic models under appropriate assumptions and formalizations.  
 
Learning outcomes: The students will learn how to solve some static and dynamic optimization 
problems using necessary and sufficient optimality conditions in a framework where the role of the 
assumptions is carefully considered.  
 
Course prerequisites: Some basic notions on differential calculus and  linear algebra are 
considered as prerequisites for the course.  
 
Course organization: 20 hours of lectures, to be held in Via San Felice al Monastero, Pavia 
 
Course Assessment: The assessment is based on a written exam with exercises. 
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COURSE OUTLINE  

 

1. Linear algebra and quadratic forms. Eigenvalues and eigenvectors, quadratic forms and their 
sign, constrained quadratic forms 

 
 2. Differential calculus. Basic calculus on functions of several variables: partial derivatives and 
gradient, differentials, Taylor's formula, chain rules of differentiation. Concave functions and their 
properties. Quasiconcave functions. Implicit function theorems and their applications to 
comparative static analysis.  
 
3. Unconstrained and constrained optimization. Unconstrained optimization problem: optimality 
conditions. Concave problems. Parametric unconstrained optimization problems. Optimization 
problem with equality constraints: Lagrangian function and optimality conditions. Concave 
problems. Parametric equality constrained problems. Optimization problems with inequality 
constraints: Kuhn-Tucker optimality conditions.  
 
4. Dynamical systems. Differential and difference equations. Systems of differential and difference 
equations. Equilibrium solutions for dynamical systems and their stability. The linear case: 
solutions and stability of equilibrium solutions. Nonlinear case: linearization and Liapunov method.  
 
5. Dynamic optimization. Necessary conditions for optimality in the finite horizon case (Pontryagin 
Maximum Principle). Economical interpretation of the Maximum Principle. Transversality 
conditions. Sufficient conditions for optimality. Autonomous problems. Multidimensional optimal 
control problems. The infinite horizon case. 
 
6. Dynamic programming. Dynamic optimization and Bellman’s principle. Finite horizon: recursive 
method. Infinite horizon: Bellman’s equation. Characterization of optimal plans. Concave problems 
and further properties of the value function. 
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