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Course schedule

Lectures

• Thursday (9-11), Aula 8

• Friday (14-16), Aula 5

Laboratories (4)

• Dates to be announced

Two modules

• one part on optimization and graphs (Raimondo)

• one part on nonlinear systems (Ferrara)

Visiting Prof. G. Ciaramella (a.y. 2018/2019)

Dates: 14/03, 15/03, 21/03, 22/03, 28/03, 29/03 

Scripts will be provided after each class.



Website: http://sisdin.unipv.it/labsisdin/teaching/courses/ails/files/ails.php

- course schedule, slides, etc.

Office hours: by appointment

Dipartimento di Ingegneria Industriale e dell'Informazione

Davide M. Raimondo: floor F (davide.raimondo@unipv.it)

Antonella Ferrara: floor F (antonella.ferrara@unipv.it)
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Textbooks

• W. L. Winston & M. Venkataramanan “Introduction to Mathematical Programming: Applications

and Algorithms”, 4th ed., Duxbury Press, 2002. ISBN: 0-534-35964-7

• C. Vercellis “Ottimizzazione: Teoria, metodi, applicazioni”, McGraw-Hill, 2008. ISBN:

9788838664427

Exams: Closed-books closed-notes written exam on all course topics 

The part on optimization & graphs lasts 2 hours

Date/time/room on the website of  the Faculty of  Engineering

No graphic or programmable calculators are allowed

Registration to exams: Through the university website. 

Textbook and exams



Why optimization?

Useful in many contexts

• Control

• Identification

• Management

• Optimal placement/sizing

• Resources allocation

• Routing/redistribution problems

• Planning of  production processes

• …
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Control

Classic control Optimization-based control 

The classic controller is replaced by an optimization algorithm that runs on-line



Optimization-based control

Optimization-based control 

The optimization uses predictions based on a model to optimize performance 

(e.g. minimize costs, maximize return of  investment, etc.)



Optimization-based control

Driving a car

minimize (distance from desired path)

subject to constrains on:

• car dynamics

• distance from leading car

• speed limitations

• …

Further details in the course of  

Industrial Control (Prof. Lalo Magni)
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Identification
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Optimal placement/sizing

Choose the number and the location of  a set of  wind turbines in order to maximize the return

of  investment of  a wind farm. Several elements need to be taken into account

Power Curve Wind distribution

Geographic information

Wake effect



Optimal placement/sizing

Energy Storage Systems (ESS) can help to cope with intermittent

availability of renewable sources. However, fixed, maintenance, and

operating costs are a critical aspect that must be considered in the

optimal positioning and sizing of these devices
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Resources allocation
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Routing/redistribution problems

The Travelling Salesman Problem

Given a list of  cities and the distances between each pair of  cities…

What is the shortest route that visits 

each city once and only once?



Graph

node

arc

Routing/redistribution problems

The Travelling Salesman Problem

Given a list of  cities and the distances between each pair of  cities…

The objective function is the 

minimization of  the cost of  the path
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Planning of  production processes

Management science: optimal decisions for complex problems



Planning of  production processes



Planning of  production processes



Example: product mix
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Example: product mix

Decisions taken by the

smart manager are optimal

(profits cannot increase)



Example: product mix

How the manager came up

with this plan ? How can

we certify it is optimal ?



Example: product mix

How the manager came up

with this plan ? How can

we certify it is optimal ?

Answers to both 

questions in the

next lectures !



Optimization

Mathematical formalization

+

Optimized algorithms

Is it worth?



Optimization



Introduction to optimization

Optimization is also known as mathematical programming

• Programming means planning or building an action plan for solving a problem

or taking a decision

• Optimization falls in the fields of operations research and management

science



Introduction to optimization

Basic problem:

• Variables: 

• Constraints:

• Feasible region:

• Feasible solution or feasible point:

• Objective function (or cost):



Basic problem: • is an optimal solution

(global minimum point) if

• is a local optimal solution

(local minimum point) if

In the figure: ҧ𝑥1 and ҧ𝑥2 are respectively a

local and the global minimum point.

Introduction to optimization



Basic problem:

• In some cases, the basic problem can be 

• infeasible (if            )

• unbounded (if                                             ) 

• Even if  the basic problem is feasible and bounded, optimal solutions could

• exist and be not unique (e.g. f (x) constant) 

• not exist e.g. 

Introduction to optimization



Basic problem:

No easy way to solve the basic problem in its full generality!

• Need of  numerical algorithms

• Often, only local optimal solutions can be computed

Introduction to optimization



Maximum problems:

• The problem is unbounded if  

• is an optimal solution (global maximum point) if  

• is a local optimal solution (local maximum point) if

Introduction to optimization



optimal solutions

are the same for 

both problems

• Conversion maximum/minimum:

• Conversion from       to      in the constraints  

• Conversion from equalities to inequalities in the constraints

Conversion in the basic problem form

optimal solutions

are the same for 

both problems

the feasible region

does not change

An equality constraint 

is replaced by two 

inequality constraints 
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Classes of  optimization problems

• is quadratic if ( matrix, vector)

• is linear if  

• is affine if                             (    constant)       

Notable problems for which efficient algorithms exist

• is convex and           are convex → convex programming

• if          is quadratic and           are affine → quadratic programming

• if          is linear and           are affine → linear programming

If  the variables must also verify we have integer programming (mixed-integer

programming if  only a subset of  the variables is constrained to integer values)
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Definition: given two points , the set

is a segment joining and

Definition: the set is convex if

one has

Convex programming

is convex



Proposition (try to prove it at home): the intersection of two convex sets is a convex set.

Note: the proposition implies that the empty set is also a convex set.

Attention: the union of two convex sets is not convex in general!

Convexity and intersection



Definition: a function on a convex set is convex if and

one has

Convex functions



Definition: a function on a convex set is convex if and

one has

Convex functions



A convex function , is continuous in the interior of

Theorem – convexity test for smooth functions

Let be open and convex and let be a function.

Then, is convex only if the Hessian matrix is positive semidefinite

. In particular, if and , then is convex only if

Convexity and smoothness



Convex functions and sets



Convex functions and sets



Fundamental theorem of  convex programming



Fundamental theorem of  convex programming



Proof  of  the theorem



Proof  of  the theorem


