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Agenda

= Optimization: What is it, Why use it?

Overview of MATLAB® Based Optimization Tools

Demos: Tips, Tricks, and Best Practices

Additional Resources

= Q&A
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Optimization — Finding answers to problems automatically

Dlggligln Model or Optimal
Parameters Prototype Design
Design process can be performed: Optimization benefits include:
= Finding better (optimal) designs
Manually Automatically = Faster design evaluations
(trial-and-error or iteratively) (using optimization techniques) = Useful for trade-off analysis (N dimensions)

= Non-intuitive designs may be found

Revolutions Per Minte, RPM Revolutions Per Minte, RPM http://ic.arc.nasa.gov/projects/esg/research/antenna.htm
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MATLAB Provides the Foundation for

Optimization

MATLAB

The Ie_ading envir_onment for
technical computing BT e
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— Customizable
— Numeric computation
— Data analysis and visualization

— The defacto industry-standard,
high-level programming language
for algorithm development

— Toolboxes for statistics, optimization,
symbolic math, signal and image
processing, and other areas

— Foundation of the
MathWorks product family
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Optimization toolboxes support different
problem types

Optimization Genetic Algorithm &
Toolbox Direct Search Toolbox
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Optimization Toolbox

= Graphical user interface and
command line functions for:

— Linear and nonlinear programming
— Quadratic programming

— Nonlinear least squares and nonlinear
equations

— Multi-objective optimization
— Binary integer programming

= Parallel computing support in selected
solvers

= Customizable algorithm options
= Standard and large-scale algorithms
= Qutput diagnostics
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Genetic Algorithm and Direct Search
Toolbox

= Graphical user interface and
command line functions for:
— Genetic algorithm solver
= Single objective
= Multiobjective with Pareto front
— Direct search solver
— Simulated annealing solver

= Useful for problems not easily
addressed with Optimization
Toolbox:

— Discontinuous

— Highly nonlinear

— Stochastic

— Discrete or custom data types
— Undefined derivatives
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Demo
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Curve Fitting Example

= MATLAB
— Formulated as a linear system of equations
Problem Formulation MATLAB Problem (linear system form)

t=]0.3.81.11.6 2.3]"
y(t) =c +ce” [ |

y=l e—t]{gﬂ - Ec

C:y/E:E_ly c=Ely

y =[.82.72 .63 .60 .55 .50];

E = [ones(size(t)) exp(-t)];

Solve this overdetermined system of equations: How? Least Squares Minimization

_ -1 (an optimization problem)

1 e ] T082] y = Ec
1 e 072 Ec-y=0 Can't solve this exactly on a computer
{Cl} |1 e::'j 063 > (Ec - y)* < & This can be solved with acceptable efor
Bl P Eo-ylise
1 e~ ] L
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Anatomy of an Optimization Problem

General Form Accepted by MATLAB Solvers
Objective Function

/ Typically a linear or nonlinear function
min f (X)

/ "
Decision variables

Subject to Constraints (i.e. such that)

Ax<b, |c(x)<0
/ Aqu = beq Ceq (X) = O\ Nonlinear constraints

Linear constraints . IHEQU?.!ItIeS
« inequalities | < x< u - equalities
* equalities

* bounds
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Accelerating the pace of engineering and science

Product Overview

Description
Function List
Cemes and Webinars
Related Products
System Reguirements
Latest Features
Support & Training
Technical Support
Cecumentation
Downloads & Trials
Other Resources
Technical Literature
User Stories

Related Bocks

Optwmuzaton | oolbox 3

Solve standard and large-scale optimization problems

The Optimizaticn Tockox extends
the MATLAB technical computing
enyironment with tocls and widely
used algorithms for standard and i
large-scale optimization. Thesze
algorithms schve constrained and
unconstrained continuous and
discrete problems. The toolbox
includes functions for linear
programming, guadratic
programming, nonlinear
optimization, nonlinear least
squares, nonlinear eguations, multi-cbjective cptimization, and binary
integer programming.

Introduction and Key Features

Defining, Sclving, and Assessing Optimization Problems
Monlinear Cptimization and Multi-Chiechve Cptimizaticn
Monlinear Least-Sguares, Cata Fitting, and Nenlinear Eguations
Cuadratic and Linear Programming

Binary Integer Programming

Products ® Servicas | industries | _Academia | Support | _User Communty |

g iew data sheet (25 OFree Technical Kit

Company
B
'@ Contact sales

C Free technical kit
+ Trial software

1 E-mail this page

Get Pricing and
Licensing Options
=

Upcoming Websnar
Algarithmic Trading with
MATLABE

Free Seminar
Developing Advanced
Financial Medels and
Elgonthms with MATLAE

Mirant

MATLAR is virtualhy
the only program that
can handle the large-
scale problems that we
model, It is a powerful
tool that provides a very
flexible enviranment in
which to build models

rapidly.
News and Events 5 :_-_, ander Evdeland
® ‘Webinar: Svstems Biclogy and Pharmacaokinetic Modeling with
SimBiclegy
= Seminar: Developing Advanced Financial Models and 2lgorithms
with MATLAB
= Press Release: The MathWorks Bundles Additicnal Products with
Student Wersion B2007a
s fideo: Learn how Toyota Racing Development uses the
Cptimization Teolbox te balance design tradecffs
= ‘ideo: Hear how [AY uses the Optimization Toolbox for their
engine calibration projects
= Techmical Article: Optimization with MATLAB and the Genetic
Algorithm and Direct Search Toolbox
£ L994-2007 The MathWorks, Inc. - Site Help - Patents - Trademarks - Privacy Policy - Preventing Pirgscy - RSS 11
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Additional Resources

Upcoming webinars
~- TBD

Recorded webinars
— Introduction to Optimization Toolbox

— Reliability Analysis and Robust Design with
MATLAB products

— Genetic Algorithms in Financial Applications

ﬁ‘
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Contact Information

= North America

— Phone: 508-647-7000

— E-mail: support@mathworks.com
= Qutside North America

— Contact your local MathWorks office or reseller:
www.mathworks.com/contact
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Questions?

MATLAB&SIMULINK®
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