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Subject's extra information

Suggestions

For questions or related issues, it is recommended to send an email to the teachers of the subject. We advise you
to resolve problems and programming exercises proposed daily. It allows to reach the learning objectives set.

The course as part of the academic plan

Course taught in the 2nd semester of 2nd year of Degree in Computer Engineering. It corresponds to the Subject
"Information" within the module "Basic Training".

Learning objectives

See comptences

Competences
Degree-specific competences

e Knowledge, design and efficient use of the most appropriate data type and structure to resolve a problem.
Goals

e Formally characterize a problem. Analyze the efficiency of algorithms using asymptotic notation for
the study of the temporary or runtime cost of algorithms. Analyze the efficiency of algorithms using
asymptotic notation for the study of the algorithm spatial cost. Use formal verification techniques
applied to algorithms for iterative and recursive algorithms. Use transformation techniques for
recursive algorithms. Use algorithmic optimization techniques.

e Knowledge and application of basic computer technologies’ algorithmic procedures to design solutions to
problems, by analysing the suitability and complexity of the proposed algorithms.

Goals

e Without Translate - Dissenyar i implementar estratégies algorismies eficients per resoldre les
diferents tipologies de problemes. Utilitzar les funcionalitats propies dels llenguatges de programacién
per a la implementacio6 de les solucions. Utilitzar un entorn de desenvolupament de programes basat
en un llenguatge de programacio d'alt nivel. Desenvolupar implementacions eficients.

e Ability to understand and master the basic concepts of discrete mathematics, logic, algorithm and
computational complexity, and their application to the resolution of engineering problems.

Goals

e Without Translate - Dissenyar i implementar estructures de dades adecuades per representar la
informacid propia de cada problema. Dissenyar i implementar de forma eficient les operacions
associades amb les estructures de dades identificades. Integrar de forma eficient les estructures de
dades i les estratégies algorismies necessaries per resoldrer problemes complexes. Optimitzar
I'eficiencia de les solucions dissenyades.
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e Ability to analyse, design, build and maintain applications in a general, secure and efficient way, by
choosing the most appropriate programming paradigm and language.

Goals

e Without Translate - Identificar la tipologia del problema i identificar I'estratégia algorismia adecuada.
Dissenyar i implementar estrategies algorismies adecuades per resoldre les diferents tipologies de
problemes. Dissenyar i implementar solucions algorismies utilitzant la técnica de divideix i veng.
Dissenyar i implementar solucions algorismies utilitzant la técnica vorag. Dissenyar i implementar
solucions algorismies utilitzant la técnica de retrocés. Optimitzar solucions algorismies basades en
la técnica de retrocés mitjangant el disseny i implementacié d'heuristiques de poda de I'espai de
cerca. Dissenyar i implementar solucions algorismies utilitzant la tecnica de programacié dinamica.
Analitzar la complexitat espaial i temporal de les estratégies algorismies adoptades.

Subject contents

The course contents are structured in four learning units. The first is to characterize the formal study of algorithms.
In this sense we will study the formal specification of algorithms based on preconditions and postconditions and
analyze the efficiency of algorithms using asymptotic measures to study the run-time of algorithms.The second
teaching unit aims to study formal verification techniques for iterative and recursive algorithms and processing
techniques for the study of recursive algorithms. The third learning unit is to study algorithmic schemes, i.e.,
analyze, design and implement algorithms to solve not only a specific problem but a family of problems that share
a common set of characteristics. We study four algorithmic schemes: divide and conquer, backtracking and greedy
search. The systematic design and analysis of algorithms based on a specific scheme is focused on the study and
development of solutions or strategies to solve a problem. A different approach consists in considering globally all
algorithms or strategies that may solve a particular problem. This includes all possible algorithms or strategies that
have not yet been defined. This approach is considered to be in the field of computational complexity which will be
briefly introduced in the last teaching unit. The study of each technique and algorithmic scheme will be tackled,
based on solving specific problems for each type. Furthermore, the algorithmic solutions developed throughout the
course will be implemented in C + +. From the standpoint of the implementation of the algorithms, empirical study
of their run-time for different instances of the problems treated will be also considered. The empirical study of the
run-time of the algorithm implementations will allow to finely compare the different algorithmic strategies developed
during the course, as sometimes the asymptotic run-time behaviour may hinder important variations of the run time
of different algorithms.

Organization of the course topics:

1. Preliminaries: algorithm, notation, predicate logic, proof techniques.

2. Formal specification of algorithms based on pre-post conditions.

3. Efficiency of algorithms. Asymptotic notation . Analysis of algorithms.

4. Formal verification of iterative and recursive algorithms.

5. Techniques for transformation of recursive algorithms.
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6. Algorithmic schemes: divide and conquer.

7. Algorithmic schemes: greedy search.

8. Algorithmic schemes: backtracking.

9. Improving the backtracking scheme by using heuristics.

10. Algorithmic schemes: dynamic programming.

11. Introduction to computational complexity.

Methodology

Els continguts del curs s'estructuren en quatre unitats didactiques. La primera té com a objectiu estudiar la
caracteritzaci6 formal d'algorismes. En aquest sentit estudiarem la técnica d'especificacio formal d'algorismes
basada en precondicié i postcondicié i analitzarem l'eficiéncia dels algorismes mitjancant I'is de la notacié
asimptotica per a I'estudi del cost temporal o temps d'execucié dels algorismes. La segona unitat didactica té com
a objectiu I'estudi de técniques de verificacié formal d'algorismes aplicades sobre algorismes recursius i iteratius, i
l'estudi de técniques de transformacié d'algorismes recursius. La tercera unitat didactica té com a objectiu I'estudi
d'esquemes algorismics, és a dir, analitzar, dissenyar i aplicar algorismes capacos de resoldre no Unicament un
problema concret, sino una familia de problemes tots amb la mateixa tipificacio. Els esquemes algorismics que
estudiarem so6n quatre: divideix i veng, vorag, retrocés i programacié dinamica. L'analisi i disseny sistematic
d'algorismes a partir d'un esquema concret es centra en I'estudi i desenvolupament de solucions o estrategies
concretes per resoldre un problema. Una aproximacié diferent consisteix en considerar globalment tots el
algorismes o estratégies que poden resoldre un problema concret. Aixo inclou tots els possibles algorismes o
estratégies que encara no s'han definit. Aquesta aproximacio és la que es considera en el camp de la complexitat
computacional el qual sera breument introduit en la darrera unitat didactica. L'estudi de cada técnica i esquema
algorismic I'abordarem a partir de la resoluci6 de problemes concrets per a cada tipologia. A més, les solucions
algorismiques desenvolupades al llarg del curs seran implementades en el llenguatge C++. Des del punt de vista
dimplementacio6 dels algorismes, també es realitzara un estudi empiric del temp d'execucio per a diferents
instancies dels problemes tractats. L'estudi empiric del temps d'execucié de les implementacions evidenciara de
forma practica I'eficiencia de les diferents estratégies algorismiques estudiades al llarg del curs.

Evaluation

L'avaluacié consisteix en dos examens i dos practiques.
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