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Course description
In this course the student will study the role of several functions, like the quantile, hazard rate and
mean residual lifetime, in the characterization, classification and ordering of distributions. These
functions are of special interest in the context of reliability and risk theory. Additionally the notion
of copula and several measures of concordance and their main properties are also studied.

Learning outcomes and competences
After completion of this course you will:
1. understand the notions of hazard rate and mean residual life and their role in the context of
reliability and risk theory.
2. know how to characterize a distribution function in terms of the hazard rate and mean
residual life functions.
3. know how to use the hazard rate and mean residual life functions to provide non parametric
classifications of distributions. The provided non parametric classes include IFR (DFR), NBU
(NWU), DMRL (IMRL) and NBUE (NWUE) ageing classes and bathtub distributions.
4. know how to use the survival, quantile, hazard rate and mean residual life functions to provide
stochastic orderings of distributions. The provided stochastic orders include usual stochastic,
hazard rate, mean residual life, likelihood ratio and dispersive orders.
5. know how to model the dependence of multivariate distributions through the notion of copula.
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6. know how to measure the concordance of two random variables.
7. know how to characterize a distribution function in terms of the entropy of truncated random
variables.

Course contents
THEORY
I. Introduction
Introduction: distribution, quantile and survival functions. Properties and examples.
II. Truncated random variables. Reliability measures
Truncated random variables. Hazard rate function. Mean residual life function. Properties
an examples.
III. Classification of distributions.
IFR (DFR), NBU (NWU), DMRL (IMRL) and NBUE (NWUE) ageing classes. Bathtub
distributions. Properties and relationships. Glasser’s theorem.
IV. Stochastic orders
Stochastic orders. Characterizations, sufficient conditions and relationships.
V. Continuous multivariate distributions and copulas
Multivariate normal distribution. t-Student multivariate distribution. Copulas. Sklar’s theorem. Archemedian copulas.
VI. Concordance measures.
Kendall’s tau and Spearman’s rho measures. Properties.
VII. Characterization of distributions
Characterization of distribution functions through truncated means, the hazard rate and mean
residual life functions and the entropy of residual life.
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