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Abstract - Some Optimization principles applications are
described, specifically aimed at students from basicycles
up to Engineering graduation degrees, through pradtal
cases. lllustrative examples are developed, in aay both
simple and instructive. For pre-university levels,the
significance of scarce resources, optimality, and anginal
values is illustrated by a simple (integer) Linear
Programming (LP) case, to be presented at the murial
schools activities of ,“Expo-Escolas”. A problem ith
limited dimension is adequate, with the calculatios
simplified to the proper level. The LP modelling
framework has been recently included in the secondga
cycle mathematical curriculum, so the students havéhe
opportunity at “Expo-Escolas” to recognize the
empowering from solving a complex problem. For
Engineering graduation students, the focus is on thbasic
concepts behind LP methodology, its limitations and
trade-offs achieved. For 2.nd cycle graduation (MSc.), a
case study of higher level of complexity (Economitot
Sizing Problem modelled by Integer Programming) is
presented, with straightforward explanations, orietted to
practice, and its reformulations are treated. For3.rd
cycle graduation (Ph. D.), the meaning and implicabns
of uncertainty in mathematical solutions are interpeted,
leading to an improvement of the robustness of the
models and solutions.

Index Terms- Engineering education;
Learning; Optimization; Mixed
Programming; heuristics.

Integer

INTRODUCTION

This communication describes several applicatiorfs
Optimization principles, illustrating numerical exples in a
way that is simultaneously simple and instructiv&éhose
problem cases are aimed at students of differemeidefrom

Problem-Basedof computing:
Linear are out of hand, so the LP formulation is settled a simple

A contrasting trend facing this increasing compexif
problem situations is the diminishing quality in shma
sciences (Mathematics, Physics, Chemistry), or atenmal
language competences, generally shown by the dmiden
entering the Engineering graduation courses. Qupeoach
that promotes the basic knowledge in science,
achievement of solutions to problem situations, aheb
allows the motivation of the students with bestdgsa to
choose the Engineering professional area is the that
conjugates problem-based learning with basic discre
mathematics.  Thus, this approach is developed, here
addressing optimization problems to different pnésarsity
cycles (from first basic cycle to secondary cyca)d to the
cycles of Bologna Engineering graduation (GradusiteSc.,
PhD.).

For the basic cycles (first: 6 to 9 years old, aig tyears
of school; second: 10 and 11 years old, up to Gsyeé
school; third: 12 to 14 years old, up to 9 yearsaifool), the
significance of scarce resources and marginal sgalise
illustrated by a simple (integer) Linear Programgnif.P)
case, built specifically to be presented at the ioipal
schools activities, the so-called “Expo-Escola®’.problem
with limited dimension [1] is adequate, with thdotdations
simplified to the proper level, with the complexigyowing
from the basic cycles to the secondary cycle (15Agears
old, up to 12 years of school). For this secondamie a
more complex case is presented, that relies omtpertance
the case dimension and the resalutime

the

greedy algorithm is applied. It must be noted tiat LP

modelling framework has been included in the seaond

cycle mathematical curriculum, so the students hthe

opportunity at “Expo-Escolas” to recognize the empong
orepresented by solving a complex problem, i.eqhtain the

numerical solution of the problem under study.

For Engineering graduation students, or even
management science areas, the focus is on the dmasiepts

basic and secondary cycles to Engineering graduatiobehind the methodology of (integer) Linear Prograngnits

degrees. Due to space economy, the problems esented
only implicitly.

limitations and trade-offs achieved. For 2.nd eycl
graduation (M. Sc.), numerical instances of one adshigh

Nowadays, the interest of Optimization in a risklevel of complexity (Integer Programming illustratby the

environment is crucial, featuring probabilistic anfation,

like the one associated to the obsolescence inopairs
computer industry, or in the allocation of elecfrmwer units

to satisfy the fluctuating consumer demand,
considering the long range planning of investmentshe
chemical industry. Usually, this type of probleituations
also features the integrality of the decision valda, namely,
modeling through binary variables.
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Economic Lot Sizing Problem) are treated, considgri
straightforward explanations that are practiceraed, and
alternative problem reformulations are developé&ar 3.rd

or alsgycle graduation (Ph. D.), the implications of utaimty in

the mathematical solutions are interpreted, leadimgan
improvement of the robustness, both in models amd i
solutions, through a Stochastic Programming franmewo
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The structure of this paper concerns: a reviewhef
main issues to learn Optimization
Engineering education, through Problem-Based Lagrni
then, a description of several problem-based appesafor

pre-university studies; a presentation of somehoulogies
aimed at Engineering graduation Bologna cycles,

optimizing complex and open situations based omagoc

Lot Sizing Problem; and finally, the main conchurss

obtained.

LEARNING OPTIMIZATION ONTO ENGINEERING
EDUCATION

An engineer deals with the science and economiwiplies
in a manner to achieve the best possible solutmm af
problem situation, i.e., to optimize it. The corgees
needed to ensure the effectiveness on problenngpshiould
be developed from the initial education levels, ahduld be
deepened in graduation Engineering courses. Onenid

tool in Optimization is the well-known Linear Pragnming

modelling framework, which has been generalizedate

into consideration the integrality of the decisivariables
and the uncertainty in the model parameters. Aaouklogy
usually applied to these complex, difficult and gkar
dimension Optimization problems that cannot becefitly

and exactly solved, is through approximation pracesd or
heuristics.

I. Engineering education

There are some issues in training and educatingnEedng
professionals that must be taken into account.igAificant
fraction of the best students of the secondaryecyweho
achieved high grades in science disciplines (Mati&s,
Physics, Chemistry), are often seduced by otheflepsmnal
areas, like Medicine. Other students that choasgreering
present some difficulties in sciences knowledge, this will
cause other quality losses in the learning procé¢amely,
absenteeism to theoretic classes has been gerdraind
the scientific terminology tends to be neglecteinother
known symptom is the negligence or lack of attemtio
devoted to basic science disciplines, when compaitidthe
complementary or speciality ones.

When pre-university students recognize the complexi
and uncertainty of knowledge (Pluto is no more angt,
thus a poll is peremptory and absolute; if zenoasa natural
counting number, we have no way to count the nunaber
elements of an empty set; the evolution of atomiclets, of
the solar system ideas, even of the light concegits), the
central work of a science education can rely on etiod),
linking theory and critical arguments consideriogng basic
ideas (axioms); developing proof procedures witligical
reasoning; and to compare and operate with aligmat
systems of thought.

At this point, we must refer that there is a pecspe
[2] that intends to improve some discrete matheraatipics

byeasoning and strategies,

ii) new strategies to motivate the students in thdystf

and addressingnathematics, revitalizing it.

The competences that one today needs are related to
thinking critically, to solve problems, and to makecisions.

To accomplish this with effectiveness, one must use
in contrast with the lusua
competence required in the basic operations, whetests
are trained to directly apply rules and mathemfatiulas.
The goal is now to motivate the students to: discand
apply the methods to solve complex and problematic
questions; understand and use concepts and teelsnicpm
different areas of science and mathematics; arld balving
strategies.

In the first year of Engineering education it isialsto
verify the weakness of students on disciplines of
mathematics or physics, where the lack in scierasich or
in mathematical techniques are two issues. Butsam®us
issue is the non-understanding of problem solvireggsses,
namely, when a sequence of interrelated stepsedete In
fact, many students coming to university had naniing at
all in the process of solving real problems: usgyall
examinations presented single step questions #sdtthe
knowledge of individual principles. When pre-unisigy
students need to take multi-step methods, anceif face a
large set of information, usually they will not kmothe
method to choose. The goal in promoting compleblams
with incomplete information on an open frameworkttasts
with structured problems that can be worked outhwit
certainty, based on procedures or techniques deeélby
repetition.

So, the basic skills on problem solving that Engiireg
students need should be developed in school,
Engineering curricula built on them. In an attergptesolve
the lack of those skills, there are some trendsrigineering
education claiming that problem-solving competerstexuld
be systematically developed in the first year of th
Engineering curricula.

with

Il. Learning with problems

Problem-based learning was initiated at McMaster
University Medical School and this learning procdsss
been implemented in undergraduate and graduatéwiarr
all around the world. It emulates the approachseduo
solve problem situations encountered in real andegsional
life. The curricula in problem-based learning denhsf
selected and designed problems that require frenstildent
the acquisition of: critical knowledge; problemagab
competences; learning and constructive strategied;team
participation skills.

Typically, the problem cases for studying are writt
objectively, including an overview of the situatjoits
context, and the major decisions that must be mawuistead
of leading the students to one right answer, ihisnded to
develop the students reasoning, to frame the pmoble
situation, to generate analytical or numerical sohs, and

in undergraduate curricula (graph vertex-edge theor so the strategy built this way can be applied theot
combinatorial and counting methods, proof proceslure Situations. Also, the features of uncertainty anchplexity
relations and algorithms), with bivalence propertihat that characterize  problem-solving  approachare
provides: i) necessary and interesting mathematical topicgncorporating bi-level benefits: the uncertaintyc@ntrasting

with the unchanged and absolute knowledge; the austh
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applied to a complex problem are driving to striteg
processes, comparative or evaluative analysis,
perspective and criticism upon results.

Facing a problem situation, the tutor is not neaglys
an expert or specialist in the theme, but a mativaf the
learning experience for the student. Also, thecHioe
problem should be designed to emphasize aspedissié
sciences, promoting an additional level of cogniti;n the
sphere of real application of the knowledge fromsth basic
areas.

lll. Optimization

Optimization constitutes an essential issue of
contemporary world, with the desired sustainablewgn,
with finite resources promoting a stronger inteigiatof
economic activities and a larger complexity of gireblem
situations to be treated. In this context, it masply some
quantitative mathematical techniques, not only tudet the
problem situation, but also to simulate the reastem
behaviour, or also to optimize the decisions.

Optimizing through  Mathematical Programming,
namely using Mixed Integer Linear Programming cgajes
the integrality specification of some decision abates and
the formulation flexibility derived from binary vables,
with the efficiency of Linear Programming methodalso,
one can associate a logic nature of affirmativenegative
decision, according to the optimum value of eachaby
variable. Then, one can build complex logic pratmss by
conjugating these binary variables, or just forrtinamulti-
criteria costs like those considering fixed
components, formulating the usual economy of s@&le

Due to the interest of some engineering problems

formulated recurring to integer or binary variabiesseveral
specialities (chemical, electrical, computing, Ytdhese
problems often constitute NP-complete or
(complexity computational class) problems [4]-[5A usual
approach when facing a large sized problem of dferred
classes is just to obtain a set of admissible a&aa aptimum
solutions, by applying heuristics or
algorithms that can be processed in polynomial time
*

Engineering education should, thus, be directesbtee
problematic and complex situations, optimizing thédy
considering either the best solution or also gooldit®ns
achievable in a acceptable amount of time. Onesiples
approach is to use approximation procedures, ahdhal
competences needed for exact or heuristic methadsbe
developed by problem-based learning that
characteristics both from the application goal #rel means
used.

PROBLEM -BASED APPROACHES FOR PRE UNIVERSITY
STUDIES

In science areas, like Mathematics, Physics or @tem
problem-based approaches constitute a universahitep
framework, within which defying situations are ppted to
the students, who can use several strategies aotutien
methods. It should outperform the usual

exercises

formula, in a repetitive or mechanical manner, josfind a

anclosed solution.

There is some educational research that showsabat
learn better when we do some activity connectedhto
desired goal, with adequate duration and intensiiye issue
is how to select the type of activity the studdrdidd follow
to achieve his purpose, so that he may reach tfectoles
and goals defined. Another issue is to empoweisthdent
to initiate mathematical explorations and to buitiat he
will need to develop a plan to find answers.

The paradigm to problem-based learning involves the
following simplified and iterative procedure) introducing

thexn open-ended problem or scenarii; listing the data from

the situation, as well as refreshing the relatedwkedge;
iii) developing a specific problem statemei) listing the
information, quantitative or qualitative, needed! dhat has
to be found; v) listing actions to be taken, formulating and
testing alternative hypotheses within interrelateshd
sequential actions; vi) presenting and supporting the
solution(s) proposed.

Also, the number and variety of problems in diseret
mathematics [2] have a suitable level of difficulbecause
they are friendly (simply stated, then easy to usided) and
motivating (challenging to solve, but the instanpessented
can be solved). Thus, it is motivating for thedstat to learn
the mathematics content, both in discrete mathesiatid in
traditional areas, like numbers, algebra and gegmetich
are closely related to discrete mathematics. Ktrbe noted
that we should consider the mathematical experieidbe

chargestudents, early at the problem design stage.

I. Learning Optimization at the basic cycles

The significance of scarce resources and their imarg
values are problematized in a way to fit the basibool

NP-hardcycle. The problem situation is illustrated byiragge Linear

Programming case that features integer decisiorahlas,
and is built specifically to be presented at thenitipal
schools activities of “Expo-Escolas”. It consibisth of an

approximationopen-ended scenario and the consideration of “Wiat

analysis, where the students from different degrdiest,
second or third cycle) of knowledge are suitablgligmged.
The partial questions are sequenced in a mannep¢hmits

the students to make their own resolution methods,
performing an autonomous approach, but within et
work (two or three elements for each group) andsthitable
tutorial supervision, so that the goals aimed ahezycle can

be accomplished. These goals are not defined figha

combinepartition format, but they allow the students tdldbself-

contained strategies to solve the problem issdéwis, these
can overlap the first and second cycles, or therst@and
third cycles, and the possibility is not out of ligor a
student of the first cycle to reach some goals dimethe
third cycle.

Specifically to the first and second cycles, a prob
with limited dimension [1] is adequate, with thdotdations
simplified to the proper level: they only incluoféeger non-
negative numbers, and the sums and subtractionaotio
reach 20.
Thus, the teaching consider

objectives simple

application, where one applies a simple algorithm ocombinatorial counting, the basic algebraic opersti
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(addition, subtraction, multiplication, division),and
comparing several alternative solutions. The cdempmes
laboured are related to the numeric natural sysiac the
four operations algorithms and their propertiesnake the
calculations easiest. The framework of proportiibynas
intended preferentially to second cycle studerits (tata can
be proportionally enlarged), and operations withctional
numbers can be introduced here. Also, the comparat
reasoning can be stimulated to recognize that gisnam
solution has been achieved.

As regards problem analysis, the students are kstiatl

students approximation procedures; some alternadive
non-optimal solutions, for verification of the edoas;
pertinent indications on manipulating the persamuahputer,
to promote the correct elaboration of graphics taides.

The problem case is open-ended, in the sense that w
introduce some data variability that transforms the
proportional instance of the problem into non-pmipoal.
Even in the latter instance, an approximation pdace can
lead to the optimum solution, and the students Ishbe
aware of this fact. Another possible extensiomioducing
the LP formulation and the corresponding graphic

to discuss among the group to identify the specifiacepresentation, which is treated in secondary cycle

guantitative problem, and thus to take decisionsutlihe
methods and activities directed to obtain the optm
solution.  So, the students should: select thevaele
information; adopt the strategy and plan the medhaxy
that suits the group better; and assess and attjese
strategies and methods to the desired goals. tdygsbmote
responsibility, autonomy and self-initiative of tseudents,
the tutorial approach should be “surgical’, mearniingt the
supervisor accounts the team work and briefly ohices
questions that could lead to a correct approachis Way,
the mathematic main goals of the first and secomtes can
be accomplished.

The problem situation is not closetly introducing
simple variations on the case data, promoting aiteity or
“What If?” analysis. These issues can be undedsta®

Il. Learning Optimization at the secondary cycle

In the secondary cycle, a large and non-proportimséance
of the problem situation is presented, so its disimn and
resolution time are out of hand. Thus, the stuzlentist
appeal to LP formulation and perform their caldolas with
computer support. The LP modeling framework hasnbe
recently included in the mathematic curriculumtaétcycle,
so we have the opportunity at “Expo-Escolas” to ewgr
the secondary students with a tool to solve LP lerob.

The main teaching objectives are the mathematical
modelling through LP formulation, the graphic couastion
of the linear functions using straight lines andeith
interceptions, the study of variations through dive
concepts, and the potential development of an apedion

extension questions, asked after the students rperfo (greedy) algorithm.

correctly the reasoning about: the identificatafroptimum
solution; and the estimation of marginal

Analysing the problematic situation, each group of

values.students are induced to model it using the LP fraonk,

Consequently, there is not a defined line betwelea t within the associated simplifications and approxionss,

knowledge or competences of successive basic cyties
issues of optimality conditions and marginal valbesg the
main principles where the third cycle students ywafform

the sensitivity analysis.

and thus building a satisfactory mathematical regméation
of the problem.

The supervisor role consists in supporting thezatilon
of tutorial free software, available through the Nildwide

For the third cycle, we wish to enlarge the problemweb, which provides the optimum solution of the kjemn

dimension in a proportional way (and afterwardgadssible,
a non-proportional one) and this assumes thatdhditons
conducing to optimum solution and marginal values\aell
understood by these students.

The teaching objectives consider either simpleisstat
principles, or algebraic and functions manipulatiomhe
competences related to the first objective arerdsmarch
and treatment of quantitative data, and the retdizaof
simple combinatorial counting. With the former etijve,
we consider the identification of proportionalitifustions,
the comprehension and interpretation of the asttia
mathematic formulas, the constitution and verifmatof a
simple linear system, and the realization of simgligebraic
procedures. The situation also allows a betteredisment of
the function concept, and with the recourse to esqral
computer, the students can build the corresponthibtes
and graphics.

under study and its graphical approach. The pmoble
instance is numerically solved and the importande o
computing is enhanced. For each group LP fornadati
settled, the computational solution is providedpaktudents
are defied to build a simple greedy algorithm amderify
the quality of their numerical solutions; in paealithey are
also challenged to perform a graphical resolutibthe two
decision variable problem. Finally, students stidié aware
that both the solutions obtained and the concludiernved
from their model must be validated in the real emwvinent.

Some potential extensions include the introductidn
some topics usually performed at graduation levehe
reasoning of the well-known Simplex method; intetprg
dual values; and performing sensitivity analysis.

*

Some problem situations are aimed at students ef pr
university cycles, which challenge them to useralitve

On performing the problem analysis, the studentstrategies and resolution methods, instead of thealu

deepen the quantitative approach and the selfseses of
the strategy and methodology applied, and theyhéurt
develop the capacity to work inside the group.
supervisor maintains the noninterference statuqréonote
the creativity and self-contained developing preess but
the tutorial approach should provide: some cluestie

Coimbra, Portugal
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PROBLEM BASED OPTIMIZATION AIMED TO ENGINEERING The main objectives are related to the competeands
GRADUATION BOLOGNA CYCLES knowledge deepened in the Optimization theme tHrdug
formulation, with higher and peak levels of knovdedtheir
The main goals of Engineering education aim torgifie proper and professional applications to the Enginge
and speculative spirit, educating and trainingshelents for  speciality, and assessing, reasoning and buildimgam
professional engineering areas, promoting scientiir autonomous way that could be generalized in all the
applied research, considering a global or Europeaprofessional career.

environment, relating with the community in gengerir Possible extensions are related to other modetiipgs
example, communicating and spreading these specifiof Optimization, like Non-Linear Programming andated
knowledge. issues (Mixed Integer Non-Linear programming, Globa

An obstacle faced by who designs Bologna currigsila Optimization), but the following characteristics bP are
the process how to determine the competences depil@an  pertinent: the numerical robustness and efficienfythe
the content of the course, and to connect goalobjattives Simplex method, straightforward for large dimension
to the measures of performance, i.e., to measereriteria  problems; the effectiveness of duality and the istudf
defined for the grades. The Bologna principle bé t sensitivity analysis; the usual generalizationdPayametric
student’s centered learning process implicitly iwes LP, Stochastic LP or even to Integer LP. The refier
problem-based learning, where the student assumextensions are directly caused by reasoning onpgtiea
increasing responsibility, with improved motivatiand with ~ context, through technical assessment, physicétiliions or
strategies built for reasoning in face of new peotdtic due to logical relations between variables or sygste
situations that will be presented all life long. ngkher components. That way, some issues naturally tleate
common aspect relays in the resources utilizatiike higher cycles are here introduced.
tutorial monitoring, with continuous supervision dan
evaluation, guiding the activities made by studeatsolve
the problems. For 2.nd cycle graduation (M. Sc.), numerical ins&s

The paradigm of Engineering problem solving [6]-[8] of a case of high level of complexity (Economic |Rizing
generally involves: a problematic situation formeath Problem) are presented, and problem reformulatiares
through a specific word problem; this specific desb is treated. The referred multiperiod problem is usual
translated into mathematical formulation; the résgl modelled through Integer Linear Programming, duehi®
mathematic model is solved, analytically or numadhjc the  occurring binary decision variables, and the Captail case
answer is analysed and stated. However, this gamadf  constitutes an NP-hard one. However, the Uncagtacit
problem solving presupposes that a engineer alkagsv ~ case can be treated through several reformulatidog)
the resolution route, forgotten that he has toerawer the procedures, or graph optimization like ShorteshPat
path. And this travel involves a complex relatioips The main objectives consist of developing and
between reasoning and feeling, often involves badigi  deepening the graduation knowledge, in an innomatind
decisions, and some negative results can open #yetww research environment, in a manner applied to new,
positive ones, accomplishing with good and possibl@eneralized and multidisciplinary problem situation

Il. Learning Optimization in the Engineering mastgcle

solutions to the problematic situation. Thus, theoccurring in the Engineering speciality, integrgticomplex
competences on solving problems are conjugated thith issues where the information is incomplete or kmjtand
basic knowledge above they must be built. promoting autonomous and self-contained learningthan

professional and research speciality.

Several extensions are on the public domain, like
For Engineering graduation students or Managemerapplying similar procedures to Location problemapé&city
Science areas, the focus is on the basic concepiacdhthe Expansion problems, or using ELS sub-problems on

methodology of (integer) Linear Programming: namé&P  production-inventory formulations. Even the unagtty on
limitations, featuring deterministic data and pesit data can be considered [9], leading to the Stohast
continuous decision variables, and the trade-offsieved, Programming framework, and the Two-Stage (and Multi
specifically from the optimal activity analysis werdscarce Stage) Stochastic Programming is introduced, aittgntb
resources. the promotion of robustness or also consideringget

The situation problematized is directed to thevariables in stages after the first one.

comprehension and resolution of an LP multiperiod
(“dynamic”) problem, and through developing applied
research, it achieves some progresses on critiedysis and
innovation competences that will be essential ire th For 3.rd cycle graduation (Ph. D.), the meaning and
engineering professional activities. Namely, therfulation  implications of the mathematical solutions are ripteted,

of the objective function and restrictions are @alg  leading to an improvement of the robustness ofntioglels
detailed, the quality and the number of data arekedy and solutions. The problematized situation chagksnPh.D.
several alternative (even conflicting) models apenpared, students to promote scientific research based stannes of
and the computational implementation, numericabltg®on  ELS problems, featuring probabilistic parameters or
and perspective on results are considered. scenarios that demand stochastic treatment, agdigheslop

the analysis and conception competences on the dRobu

I. Learning Optimization at Engineering graduatioycle

I1l. Learning Optimization in the Engineering docite
cycle
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Optimization framework or in the treatment of stastic
integer variables. Thus, Ph.D. students are tdaiard
educated on each specific Engineering area usirg
flexibility, both on formulation and the applicatidheme,
which characterizes the well-known ELS problem.e Tiain
issue is the comparative analysis of methods Igattna
proper post-optimality study, namely due to theiakality
on data. This promotes the assessment and theeatknent
according to the relationships established amomma@uic
estimators and technical parameters.

Aimed at each specific scientific Engineering are,
objectives are the promotion of the competencestren
systematization of the knowledge, the applicatibresearch
methods, the conception and design of the acadamic
innovative research, and the assessment, analysis
development of new and complex concepts.

challenging, defying the students to use alterpativategies

and methods, and are connected to the objectivahedf
ttkknowledge level. Those activities are designedsictating

the students’ mathematical experience, who thus are

empowered to pursue mathematical explorations.

For Engineering graduation students, the focusithe
basic concepts of the LP methodology, its limitasicand
trade-offs. For 2.nd cycle graduation (M. Sc.kase study

related to the Economic Lot Sizing Problem and nledéy
Integer Programming is treated in a practice-oeént
manner, and its reformulations are performed. JFat cycle
graduation (Ph. D.), the implications of uncertgiim the
mathematical solutions are interpreted, leading ao
improvement of the robustness of the models andtisak.
So, we present a problem-learning approach
Engineering education, also considering the prearsity

a to

The issue described above is current and open-endeticles, and this approach is directed to developpaiences
and the extensions to other problems formulatechgusi in the Optimization area through LP. The important the

integer or binary variables are straightforwardkglipower
Unit Commitment, chemical Process Synthesis, Thaegl
Salesman problems).
graph or network reformulations, specific technijuen
Integer Programming, on Global Optimization, aimad
large sized problems are a must. Thus, the sysiEatian
on heuristics [10] and approximation
development, and its conjugation with exact algoni like
the enumerative branch-and-bound, are also an issight.

*

integrality of decision variables and of data uteieties is
related to the empowerment of students achievingpcer

Several approaches are pnomineresults and not being software-limited, throughlizggion of

heuristic or approximation procedures adequate hHe t
problem size, to the quality required for the Solutand to
the specific computational properties.

procedures
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Bologna cycles is presented: at the graduationegyitie
concepts characterizing the LP framework, its katiins and
trade-offs achieved; at the master cycle, the nicaleand
implementation issues related to the efficient ttresnt
suitable to integrality of decision variables; ¢ tdoctorate
cycle, the interpretation of uncertainty on datguigng risk
analysis and treatment, even conjugating the sstichand
the integrality issues. This problem-learning aggh points
to the proper computational treatment, obtainingnogm or
satisfactory and realizable non-optimal solutioasd this
way the Engineering professional does not becorfitevae-

limited and can apply his competences autonomously,

widely, under new and challenging contexts.

CONCLUSIONS

Several practical cases are described —only intlylici

due to space economy—, specifically aimed at stisdeom
the basic cycles up to Engineering graduation deggrand
featuring some Optimization principles.

Engineering education should be directed to solve

problematic and complex situations, optimizing thédmy
considering either the best solution or good orudseaable
in acceptable time. The competences needed fat exa

heuristic methods can be developed by problem-based

learning, which combines issues both from the appithn
goal and the means used.

For pre-university levels, the significance of sear
resources, optimality, and marginal values is itated by a
simple (integer) LP case, to be presented at theiaipal
schools activities of “Expo-Escolas”. Those atigdd are
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