Numerical Methods and Informatics (250224)

General Information

School ETSECCPB

Departments Departament d'Enginyeria Civil i Ambiental (DECA)
Departament de Matematiques (MAT)
Escola Tecnica Superior d'Enginyeria de Camins, Canals i Ports de Barcelona

(ETSECCPB)
Credits 7.5 ECTS
Programs GRAU EN ENGINYERIA D'OBRES PUBLIQUES (pla 2010)
Course 2022/23

Main teaching language at each group

e Group 10Q2 English (Q2)

Faculty

Responsible Faculty: Jose Sarrate Ramos
Faculty: Pedro Diez Mejia, Abel Gargallo Peiro, David Modesto Galende, Esther Sala Lardies, Jose Sarrate
Ramos

Objectives of Education

Computers and software for mathematical numerical analysis; Numbers, algorithms and error analysis;
Determining the root of a function; Solving systems of equations by means of direct numerical methods and
basic iterative methods; Solving nonlinear systems of equations; Estimation and interpolation; Numerical
quadrature; Solving ordinary differential equations.

Upon completion of the course, students will have acquired the ability to: 1. Use standard computer tools to
solve basic problems (e.g. measurements). 2. Use numerical analysis software to carry out a sensitivity
analysis of a problem in which an ordinary differential equation is solved. 3. Solve engineering problems
using numerical techniques.

Computers and software for mathematical numerical analysis; Numbers, algorithms and error analysis;
Determining the root of a function; Solving systems of equations by means of direct numerical methods and
basic iterative methods; Solving nonlinear systems of equations; Estimation and interpolation; Numerical
guadrature; Solving ordinary differential equations.

The desired learning objectives are:

1 .- To demonstrate knowledge and understanding of the properties and characteristics of basicnumerical
methods for: solving nonlinear scalar equations; solving linear systems of equations,functional
approximation; numerical integration and solving ordinary differential equations.

2 .- To demonstrate the ability to (thinking skills): understand and formulate numerical proceduresin order to
solve basic engineering problems and identify appropriate methods for that problem.

3 .- Demonstrate the ability to (practical skills): understand the practical consequences of thebehavior of
numerical methods and solutions; logically formulate numerical methods for thecomputer solution in a
programming language (Matlab).

4 .- Demonstrate the ability to (key skills): study independently, use the resources of the library,use a
personal computer for basic programming, take notes efficiently and manage working time.



Competencies

Especific

Knowledge and understanding of the functioning of ecosystems and environmental factors
Basic knowledge of computer use and programming, operating systems, databases and software as applied
to engineering

Transversal

EFFICIENT ORAL AND WRITTEN COMMUNICATION - Level 2. Using strategies for preparing and giving
oral presentations. Writing texts and documents whose content is coherent, well structured and free of
spelling and grammatical errors.

TEAMWORK - Level 1. Working in a team and making positive contributions once the aims and group and
individual responsibilities have been defined. Reaching joint decisions on the strategy to be followed.
EFFECTIVE USE OF INFORMATION RESOURCES - Level 3. Planning and using the information
necessary for an academic assignment (a final thesis, for example) based on a critical appraisal of the
information resources used.

SELF-DIRECTED LEARNING - Level 3. Applying the knowledge gained in completing a task according to
its relevance and importance. Deciding how to carry out a task, the amount of time to be devoted to it and
the most suitable information sources.

THIRD LANGUAGE. Learning a third language, preferably English, to a degree of oral and written fluency
that fits in with the future needs of the graduates of each course.

Total hours of student work

Hours Percentage
Supervised Learning | Large group 18.75 h 22.73 %
Medium group 18.75 h 22.73 %
Laboratory classes 375h 45.45 %
Guided Activities 75h 9.09 %
Self Study 105.0 h

Contents

Introduction to numerical modeling and programming

Introduction to modeling

Introduction to programming in MATLAB.

Concept and definitions of error (absolute, relative, rounding, truncation, significant digits) and their
propagation.

Specific Objectives
Be able to develop simple programs in MATLAB.

To know the representation of integers and real numbers in a computer.
To know the concept and definitions of error and understand how they affect the numerical calculation.

Root finding

Basic concepts of iterative methods: consistency, linear, superlinear or p-order convergence, asymptotic
factor.

Methods: Newton, secant, Whittaker.

Solving engineering problems that deal with nonlinear scalar equations.

Specific Objectives



Understand the operation of iterative methods, differentiating them from methods with a finite number of
operations.

To know the properties, advantages and disadvantages of the usual iterative schemes.

To know how to choose the most appropriate method in each case.

To know how to analyze, implement and interpret the results of iterative methods.

Systems of linear equations

Classification and definitions.

Elimination methods: Gauss

Factorization methods: Crout and Cholesky

Solving engineering problems that involve solving systems of linear equations

Specific Objectives

To know the classification of methods for solving systems of linear equations.

To know the range of applicability of each method and its computational advantages and disadvantages.
To know how to implement the resolution methods presented.

To know how to identify the practical influence of the number of condition, preconditioners ...

Functional Approximation

General approach: types and criteria of approximation

Polynomial interpolation

Least squares

Sectional approximation

Solving engineering problems involving the approximation of functions and data

Specific Objectives

To demonstrate knowledge and understanding of:

- the criteria and types of functional approximation and their advantages and disadvantages,

- Lagrange interpolation and its error and an ability to use it,

- the least squares problem, namely to deduce the normal equations and understand the approximation
orthogonality,

- splines.

To demonstrate an ability to use and code some intrinsic functions to approximate a data set.
Be able to solve functional approximation problems

Test #1

Resolution of assessment #2

Numerical Integration

General approach, eg with trapezoidal rule

Definition of order of a quadrature

Quadrature classification

Newton-Cotes formulas

Gauss quadrature

Composite formulae

Analyze and discuss convergence of the following quadratures:

- Newton-Cotes and Gauss-Legendre as the number of integration points increases,
- composite formulae as the number of intervals increases.

Solving engineering problems involving the evaluation of integrals numerically

Specific Objectives

To demonstrate knowledge and understanding of:

- The basis of nhumerical integration,

- The classification of quadratures,

- The basis of the Newton-Cotes and Gaussian quadratures,



- The composite quadratures and their advantages and disadvantages.

To demonstrate an ability to:

- Define a quadrature if the integration points are given,

- Use Newton-Cotes and Gaussian quadratures, choosing the correct one in terms of accuracy and
computational cost,

- Use composite quadratures.

To demonstrate an ability to apply all the concepts of numerical integration to the FEM.

To demonstrate an ability to implement an algorithm for numerical integration.

To demonstrate an ability to implement an algorithm for composite formulae.

Be able to solve problems involving numerical integration methods

Modeling with Ordinary Differential Equations (ODES)

General approach: reduction to first order, initial value (IVP.

Methods based on the approximation of the derivative: Euler,
backward Euler.

Truncation error, consistency, local and global error, order.

Single step methods (Runge-Kutta) methods: second and fourth order.
Solving engineering problems described using EDOs

Specific Objectives

Understand the concept of well-posed initial value problems (IVP).

Ability to identify and classify a problem of ODEs (in any order and dimension).
Ability to rewrite high-order ODEs as a system of first order ODEs.

Ability to identify Initial Value Problems (IVP) and Boundary Problem (BP).
Understand the concepts of convergence and order of convergence.

Knowledge of the basic properties of Runge- Kutta methods.

To demonstrate an ability to model an engineering problem as a system of ODEs.
To demonstrate an ability to use a library for the numerical solution of ODEs.
Modelling and numerical resolution of engineering problems governed by ODEs.

Test #2
Activities
Solving problems of engineering interest

Dedication

7h 30m

Teaching Methodology

The teaching activity that takes place throughout the course consists of: fifteen weeks of face-to-face
teaching, directed personal work and self-learning. In addition to the 4 hours per week in theclassroom, 6
hours per week should be devoted, on average, to directed personal work and self-learning.

At least half of the class hours are dedicated to working in small groups (work aimed at thecomputer room,
exercises in the conventional classroom, etc.)

Although most of the sessions will be given in the language indicated, sessions supported by other
occasional guest experts may be held in other languages.

Grading Rules
(*) The evaluation calendar and grading rules will be approved before the start of the course.
1. The module is graded with the following elements:

* Class work (CW), to be carried out either individually or in teams.
* Two tests (T1land T2), which are strictly individual.



2. Class work (CW) refers, among others, to:

* Exercises or quiz in the classroom.

* Assignments in the computer room.

* Participation in class.

3. Tests T1land T2 will cover all the topics presented from the beginning of the module.
4. The final mark for the module is obtained as

Mark = (0.5*T1 + 0.5*T2)"0.75 * CW"0.25
5. Academic dishonesty (including, among others, communication during tests, plagiarism and

falsification of results) will be severely punished, in accordance with current academic regulations: any such
act will imply a final mark of O in the module.

Test Rules

Will be discussed in class.

Office Hours

It will be announced at the beginning of the course.
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