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Calculation of Probabilities

Code: 103202
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Degree Type Year Semester

2501919 Applied Statistics FB 1 2

Teachers

Juan Jesús Donaire Benito

Prerequisites

Descriptive statistics. Differential and integral Calculus in one variable. Computer tools

Objectives and Contextualisation

Introduction of the main concepts in probability theory and main tools in statistics: probability spaces,
conditional probability, random variables, mean and variance, most important distributions, and the limit
theorems.

Skills

Develop independent learning strategies.
Display a capacity for logical thinking, structured reasoning and synthesis.
Express and rigorously apply the knowledge acquired to problem solving
Implement processes with programming languages and symbolic computation packages.
Recognise the advantages and disadvantages of the procedures studied.
Summarise and discover behaviour patterns in data exploration.

Learning outcomes

Develop independent learning strategies.
Discern, at an initial level, the models determining probabilistic-statistical models.
Display a capacity for logical thinking, structured reasoning and synthesis.
Express and rigorously apply the knowledge acquired to problem solving.
Recognise the usefulness of mathematical methods (calculus, algebra, numerical) for probabilistic
modelling.
Use probabilistic models to describe data in contexts of uncertainty and deduce behaviour patterns.

Use symbolic computation implementing processes to solve problems of probability of a variable and of
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Use symbolic computation implementing processes to solve problems of probability of a variable and of
several variables.
Use symbolic computation to generate data and simulate random experiments.
Use symbolic computation to solve combinatory problems.
Use symbolic computation tools to simulate the obtainment of data governed by particular patterns.

Content

Probability spaces: Introduction. Set theory language.. Axioms of probability. Finite spaces, counting
techniques. Independence of events. Continuous spaces.

Conditional Probability: Definition. Computing probability by conditioning. Bayes formula.

Random variables: Definition. Discrete and continuous distributions. Distribution functions and densities.
Functions of a random variable. Random vectors. Independent variables. Conditional distributions.

Expectation and variance. Mean of a random variable. Variance. Moments. Txebixev's inequality.
Independence, covariance and correlation. i correlació. Conditional expectation.

Classical Models: Discrete models: Bernouilli, the binomial law, the geometric law, negative binomial,
hypergeometric law, Poisson process and Poisson law. Continuous models: the uniform distribution, the
exponenctial law, the normal law, the gamma law, other laws.

Limit Theorems in probability theory: Convergence in probability, the weak law and the strong law.
Convergence in distribution, the central limit theorem, practical use.

Simulation

Methodology

There are three types of activities that the student is supposed to attend

Lectures: mainly theoretical. Here the contents of the course syllabus will be presented, and applied to solving
problems.

Problem solving sessions. Here problems listed in exercise sheets will be solved under the supervision of a
teaching assistant.

Seminars. Here the student will learn how to use the R toolbox

Activities

Title Hours ECTS Learning outcomes

Type: Directed

Lectures 28 1.12 2, 5, 6

Practising R sessions 14 0.56 7, 8, 9, 10

Problems sessions 14 0.56 6

Type: Autonomous

Exams 15 0.6 2, 5, 6

Practising R 20 0.8 2, 5, 7, 8, 9, 10, 6
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Solving problems 25 1 2, 5, 6

Evaluation

A continuous assessment is performed based on:

a) A mid-term exam (EP)

b) Practical sessions with R, assessed at the end of the session. Their mean is LLPR.

c) Submission of a set of exercises, assessed through an interview. The score is LLEX

Submissions described in b), c) are mandatory.

The final score is obtained in two steps. First, there is a final exam (EF) and a final exam of R (EPR). With EP
and EF we compute

ET=max(EF; (0,3)EP+(0,7)EF) and C1=(0,55)ET+ (0,15)EPR+(0,15)LLPR+(0,15)LL.

If C1 is greater or equal to 5 the final grade is C1. Otherwise, students may attend resit exams RT and RPR in
case submissions in b,c above have been done. Then

C2=(0,55)RT+(0,15)RPR+(0,15)LLPR+(0,15)LL.

Students with C1<5 may attend the resit exams too to improve their grades, in which case the final score is
(C1+C2)/2.

Evaluation activities

Title Weighting Hours ECTS Learning outcomes

Exam of R 0,15 16 0.64 2, 5, 7, 8, 9, 10, 6

Final Exam 0,385 5 0.2 3, 1, 2, 4, 5, 7, 8, 9, 6

Mid-term test 0,165 5 0.2 2, 5, 6

Submission of R exercises 0,15 4 0.16 4, 5, 7, 8, 9

Submission of exercise sets 0,15 4 0.16 3, 1, 4, 5
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