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III. Course objectives
The aim of the course is to introduce fundamental mathematical concepts and practical methods relevant to the study of decision-making processes as optimization problems.

IV. Course contents
- Partial ordered sets; linear preorder relations and their characterizations in terms of ordering cones.
- Preference relations induced by utility functions; optimality concepts; decisional processes as scalar or vector optimization problems. 
- Convex sets and polyhedral sets; extreme points.
- Convex functions and the properties of their minimum points. 
- Necessary and sufficient optimality conditions for unconstrained and constrained optimization problems. 
- Saddle point theorems. Duality theorems in linear optimization. 
- Numerical methods for solving optimization problems: the Simplex algorithm in primal and dual form; the cutting planes method.
- Conflict and competition problems, two-player matrix games and their solution by means of linear programming.
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VI. Thematic of didactic activities per weeks
Lecture 1: Partial ordered sets: binary relations, preorder and order relations, and related concepts of minimality and maximality.
Lecture 2: Partially ordered linear spaces: linear order relations; fundamental examples (the componetwise domination-type relations and the lexicographic order in Rn); geometric characterization.
Lectures 3 and 4: Preference relations induced by utility functions; decisional processes as scalar or vector (multicriteria) optimization problems; optimality concepts (ideal efficiency, Pareto strong efficiency and Slater weak efficiency).
Lecture 5: Level sets and their role in the study of optimal solutions; the existence and the unicity of optimal solutions.
Lecture 6: Convex sets and cones; some special classes of cones; the characterization of convex cones; the relationship between linear order relations and convex cones.
Lecture 7: Convex real-valued functions and their characterizations by means of the epigraph; once or twice differentiable convex functions and their characterization by means of the gradient and hessian matrix, respectively.
Lecture 8: Local versus global minimal points of real-valued convex functions; the convexity of the level sets (the set of optimal solutions as a particular instance); the boundedness of level sets and coercivity of convex functions.
Lecture 9: Necessary and sufficient optimality conditions for unconstrained and constrained smooth optimization problems. Saddle point theorems.
Lecture 10: Cone-convex vector-valued functions and their characterization; the fundamental property of the image of a cone-convex function and its applications to the weighting scalarization of multicriteria optimization problems.
Lecture 11: Mathematical foundations of linear programming; duality theorems.
Lecture 12: Numerical methods for solving optimization problems: the Simplex algorithm and the cutting planes method.
Lectures 13 and 14: Conflict and competition problems, two-player matrix games and their solution by means of linear programming.

Seminar 1: Mathematical modeling of some practical decision problems.
Seminar 2: Exercises involving binary relations and related topics.
Seminars 3 and 4: The study of several elementary theoretical results concerning multicriteria optimization problems.
Seminars 5: The geometric description of the level sets of some important classes of functions; applications to the solution of some particular scalar and bicriteria optimization problems.
Seminar 6: Exercises involving convex sets and cones.
Seminars 7 and 8: The study of the convexity and other regularity properties of certain real-valued functions.
Seminar 9: The solution of certain optimization problems by using necessary and sufficient optimality conditions.
Seminar 10: Exercises involving cone-convex vector-valued functions.
Seminars 11, 12, and 13: The solution of different linear optimization problems by using the Simplex algorithm.
Seminar 14: Matrix games.

Project: Each student will elaborate a project on a topic of Seminars 1-14.  

VII. Didactic methods used


VIII. Assessment
Continuous evaluation (contributes 20% to the assesment; consists of attendance and active class participation); individual project (contributes 20% to the assesment); written and oral exam (contributes 60% to the assesment).
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