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1. INTRODUGTION
The problem of estimating an unknown density f is common in statistics and
usually motivated by the need to visualize data, to construct models or to deter-
‘mine the probability of specific, possibly rare, events.

A classical expedient consists of assuming at the outset that £ belongs to a
parametric class of distributions, thereby reducing the estimation of the density
t0.a finite-dimensional problem. In practice, however, a suitable choice of model
can be difficult to make and may even end up occulting data features of critical
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importance, such as a slight asymmetry or heavy-tail behaviour

‘As an alternative, nonparametric density estimation methods are often used;
see. . Silverman (1980 for an overviw: For example kene stmationof f
from data X,
€ (0,00) controling th regularity of the wlnuan de'med atany © € R, by

Catalogs of kemels K are available (Granovsky & Miller, 1991) and various
‘methods for selecting an optimal bandwidth h have been proposed: see, ¢.g., Hall
etal. (1992) or Wand & Jones (1994). While many crucial data features can be
captured that way, the model is no longer summarized by a few interpretable
parameters, and extrapolation beyond the observed range is often poor.

1.1, Contrioution
‘This paper describes, studies, and illustrates a highly flexible intermediate solu-
tion o the density estimation problem rooted in the maximum penalized likeli-
hood method pioneered by Good & Gaskins (1971; other key early references
include Silverman (1982) and O'Sullivan (1988),

ic approach considered here was briefly mentioned by Ramsay
(2000) but never developed. It consists of assuming that [ belongs to Pearson’s
four-parameter system of distributions (Pearson, 1895, 1901). Equivalently, f is
taken to be the unique solution f to the differential equation

& (s +le) @

where go(z) = (z — 1)/ (> + sz = fuz®) for some unknown parameter f§ =
(81, B2, s, 54) € R* and values of z in a subset of the real line depending on 5.
‘This approach is appealing on several accounts. First, it leads to a parametric
solution and hence allows for simple and accurate extrapolation beyond the ob-
served range of available observations, which is crucial for estimating the prob-
ability of rare events. Second, it is highly flexible in that it can accommodate
a diverse range of skewness and kurtosis, as evidenced by Table A in the Ap-
‘pendix, which lists some of the classical models that are encompassed as special
cases. Third, the solution is directly
that exists between the components of the vector / in Pearson’s system and the
central moments of the distribution (Stuart & Kendall, 1963).
are, however, challenges in the search for a suitable Pearson distribu-
tion. First, the solution f, to Equation (2) is generally not explicit, and hence
direct maximization of the likelihood for 4 is excluded unless restrictions are
imposed a priori which reduce f to a specific form. Second, delicate numerical
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\author[orcid=0000-0002-5603-4264]
{Michelle \surname{Carey}}
\affil{School of Mathematics, ...}

\author and \affil accumulate

\author[orcid=0000-0002-1764-0202 .
' data in \@author

email=christian.genestamcgill.ca,

corresponding] - text, styling, positioning
{Christian \surname{Genest}} .
\EPFTIEE T Uisersteay, oo b + mostly rewritten from scratch

\author{James 0. \surname{Ramsay}}
\affil{McGill University, ...}

n


https://doi.org/10.47397/tb/44-1/tb136bos-metadata

Authors and affiliations

Information entry system inspired by authblk and Bos and McCurley (2023).

\author[orcid=0000-0002-5603-4264]
{Michelle \surname{Carey}}

\affil{School of Mathematics, ...} \surname typesets and collects
surnames
\author[orcid=0000-0002-1764-0202, . .
email=christian.genestamcgill.ca, + styling for title page
corresponding] + collection for the running head

{Christian \surname{Genest}}

\affil{McGill University, ...} (\runnlngaUthor to override)

- metadata (not implemented)
\author{James 0. \surname{Ramsay}}

\affil{McGill University, ...}

n


https://doi.org/10.47397/tb/44-1/tb136bos-metadata

hors and affiliations

Information entry system inspired by authblk and Bos and McCurley (2023).

\author[orcid=0000-0002-5603-4264]
{Michelle \surname{Carey}}

\affil{School of Mathematics, ...} .
key-value interface for metadata
\author[orcid=0000-0002-1764-0202, « ORCID iD of authors
email=christian.genestamcgill.ca, .
corresponding] « email of authors
{Christian \surname{Genest}} . identification of the
\affil{McGill University, ...}

corresponding author

\author{James 0. \surname{Ramsay}}
\affil{McGill University, ...}

n


https://doi.org/10.47397/tb/44-1/tb136bos-metadata

Abstracts

Special environments created with environ to enter abstracts.

\begin{englishabstract}
Pearson’s system is a rich
class of models that...

\end{englishabstract}

\begin{frenchabstract}
La classe de Pearson englobe
de tres nombreux modéles...
\end{frenchabstract}
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Abstracts

Special environments created with environ to enter abstracts.

\begin{englishabstract} . . .
Pearson’s system is a rich automatic positioning depending on

class of models that... the main language of the article
\end{englishabstract}

. English | Abstract| | Résumé
\begin{frenchabstract}

La classe de Pearson englobe
de trés nombreux modéles... French | Résumé | | Abstract
\end{frenchabstract}

12



Keywords and subject classification

Entry using list-like environments.

\begin{keywords}

\item Density estimation

\item differential regularization
\item parameter cascading

\end{keywords}

\begin{classification}
\item[Primary] 62G07, 62P05
\item[Secondary] 62E17, 62R10
\end{classification}
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Keywords and subject classification

Entry using list-like environments.

\begin{keywords}

\item Density estimation

\item differential regularization
\item parameter cascading

« collection using environ
\end{keywords}

- display using enumitem
\begin{classification}

\item[Primary] 62G07, 62P05

\item[Secondary] 62E17, 62R10

\end{classification}

13



Back matter information

Entry as free form text in environments created with environ.

\begin{supplement}
The computer code to...
\end{supplement}

\begin{acknowledgements}
The authors are grateful to...
\end{acknowledgements}

\begin{sharing}
A Matlab package with...
\end{sharing}

\begin{funding}
Funding in partial support of...
\end{funding}



Back matter information

Entry as free form text in environments created with environ.

\begin{supplement}
The computer code to...
\end{supplement}

\begin{acknowledgements}
The authors are grateful to...
\end{acknowledgements}

\begin{sharing}
A Matlab package with...
\end{sharing}

\begin{funding}
Funding in partial support of...
\end{funding}

Display in the correct order (along with ORCID information) using a command.

| \makebackmatter



Some other features, in no particular order

- Licensing information (\licence, \ccby, \ccbysa,..)
« Mathematical commands (\E, \Var, \prdist, \Nset, ...) and environments
(theorem, Lemma, ...)

- Computer code and software (\code, \Rlang, \proglang, ...)
+ Compatibility with Xg¥TeX and pdfBTEX
« Exhaustive documentation in English and French

- Templates

15



| wanted the documentation to use the class (with the nocjs option), but memoir and
doc do not play well together out of the box.

- Use a copy of \maketitle from cjs-rcs-article to typeset the title page
+ Undefine the environment glossary created by memoir
- Restore the standard BIgX commands for the index and glossary that doc relies upon
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Then the map f = &% minbmizesthe expression glven In Fquation (3) subject t [ fdx £ {fand only fhe
map f = e® minimizes the expression given in Equation (5) over £,
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References
‘Barone-Adesi, G., Bourgoin, F. and Giannopoulos, K. (1998). Don't look back. Risk Magazine, 11:100-104,
RaroneAdes . Gannaglo, - ad Vspes L (19, Varwhthontcorlations o prlsatdeate
securites. Journal of Futures Markets, 19(5
‘Basel Commitiee on Banking Supervision (1996). Supervisory Framework for the Use of “Backiesting” in Corjunc-
tion With the Internal Models Approach to Market Risk Capital Requirements
Becker, M., Kloner, S, and Heinich, 1. 2017). PearsonDs: Pearson Distribufion System. https://CRAN.
R-project..org/package=Pearsonds. R package version 1.1
o, . W and Azl . (1997, Appld Srotin T for D Anlsi: the el Apprach
with -Plus Iilustrations. Oxford University Press, Ox
0, W inga, A. (2021). An extensive comparison of some
el astabihed vl at ik methods. erafonal Sl v, 501 145-166,
ndRauug 0. (G007, Puametrcaseades and proflvg i untioaldta sy, Computairal

ind Ramn a0, Pt bl sttt et yamial syt Computl
e Do iy 156507
Christoffersen, P F. (1995) E\'.\I\l.\nngmmlvnl forecasts. International economic review, pages 841-862.
C.(2001). A Practical Guide to Splines. 2nd ed. Springer, New York.
Elderton, W. 2. and Johnson, N. L. (1969). Systems of Frequency Curves. Cambridge University Press, London.
Brgle R Faud . V. .19, Masurogsn ein e pac of s n ey, Te sl of s
9-1775.
e, L and GleanoJ-A. (2002). Mean-modifed valu-atsisk opimiztion with hdg fnds. Journal o
‘Alternative Investments, 5(2):21
Good, 1. nd Gaskins 2. (1971, 1) Nonparametric roughness penales o probabifty densicie. Biomerria,
1255-277. doi: 10.2307/2334515.
L s1d Ml 1G. (1591). Optiising Kl method: » ning vaiakea! gl
International Statistical Review, 59:375
Haas, M. (2001). New Methods in Backiesting. Tech, rep., Financial Engineering Research Center, Bonn,
Germany.
Hall, P, Marron, 1. S, and Park, B. U. (1992). Smoothed cross-validation. Probab. Theory Related Fields,
92(1)/1-20. doi: 10.1007/BF01205233,
e, .1 (199, Tohnigues for verying the scurey of ok management e, Jornal of Detoes
32738
lthnllnukn 1D, 218 Ving, 11 . GI0). Verfing th oo o & nonnear sober: & cue sty
American Economic Review,
MeNeil, A. 1. and Frey, R. (2000). Estimation of tail-elated risk measures for heteroscedastic financial time
rie: an extreme value approsch. Jourmal o Emprical Finance, 734271300

not unlike



SPARSE ESTIMATION WITHIN PEARSON'S SYSTEM, WITH AN APPLICATION TO FINANCIAL NARKET RISK |19

asel Committee on Banking Supervision. 1996, Supervisory ramework for » ng"in Conjunc-
tion With the Iniernal Models Approach to Market Risk Capital Requirement
Becker M, . KB Mol 2017 aronDS arson Ditrbton e, t95:// RN
org/package=Pearsonds. R packs
Bowaman, A, W. el A, Azzalini. JWT‘Applwd\mmrmw'lnhmqum for Data Analysis  the Kernel Approach wih
Plus Hlustrations, Oxford University Press, Onford.
Calmon, W, E. Ferioli, D. Letteri, 1. Soares et A. 2021, « An extensive comparison of some well-
el vloe t ik methods  nematons Stosat Reiw, ot 5. 1.,
a0, t1O- Ramsay 2007, « arsmetr cscades and prflng i funciona s analyst , Computarional
vol. 2
€110, Ramsay. 2021, « asLstable parameter estimation for linear dynamical systems», Computational
" taitis & Data Anlsis, vl 15, p. 107-124.
Christoffersen, P. . 1998, « Fvaluating interval forecasts », Tnternational economic review, p. 841-862.
De Boor, C. 2001, A Practical Guide to Splines, 2° ., Springer, New York.
Elderton, W. P et N. L. Johnson. 1969, Systems of Frequency Curves, Cambridge University Press, London.
‘Engle, R.F. et V. K. Ng. 1993, « Measuring and testing the impact of news on volatlity », The Journal of Finance,
. p. 1749-1778
Fas, L et Glens 2002 <Mt modied vlue o sk opimizslon ithhedgs s » ol of
Alterative Investments,voL. 5, 21
oo LL1e4R. A Gk 1971, <XNonparameti roghnss penle Tt probably s . B,
LS8, p. 10, 515,
Lt G, ille 191,  ptinizing o mthods  unifing ttonal priocpe . e
ot Satisical Riew ol 59,7575

‘Faas, M. 2001, New Methods in Backtesting, rapport technique, Financial Engincering Research Center, Bonn,
Germany.

.. Marron et B. U. Park. 1992, «Smoothed cross-validation », Probab, Theory Related Flelds, vol. 92,
 doi: 10.1007/BF0120523
Kupiec, P. H. 1995, « Techniques for verifying the accuracy of risk management models », Journal of Derivatives,
Vol 3,10 2, p. 73-84.
MeCullough, B. D. et H, D, Vinod. 2003, « Verifying the solution from a nonlinear solver : A case study »,
American Economic Review, vol. 93, 1 3, p. 873-892
Mol A1 o e 2000, et of i st ok mesures o et tic financial fime series
value approach », Journal of Empirical Finance, vol. T, n° 34, p. 271-300.
MeNeil, A. 1, R. Frey ot P. Embrechts. 2015, Quanfitative risk Management : Concepts, Techniques and Tools,
&, Princetan Universiy Press, Princeton, N
Mo, L, X, Xia, A.S. Perelon et H. Wa. 2011, On ientifiily
in viral dynamics », SIAM Rev, vol. 53, 1,p. 3-39, doi
o33 um

O'Salln. £, 198, o compuationofly suomated o densty ndlog azd etimtors M iourmal
‘on Sclentific and Statistical Computing, vol. 9, n° 2, p. 363-379, doi 4
Pearson, K. 1595, « Contributions t the mathematicltheory ofevoluon. . skew variation in homogencous

‘material », Philosophical Transactions o the Royal Society o London (A), vol. 186, p. 343-414.
Fearson, K. 801, 0. mthematalcontutions o th theuey of ovltion.—x suppement 2 memoi
variation PilosophialTrasacionsof e oyl Soiety of Lo, Seis &, Codinin Fopers o
Miromaator e Casacs v 197 . . 443450,

very much like
from francais-bst



Bibliographic styles developed using makebst by Patrick W. Daly.

« Original run using merlin.mbs from custom-bib
 Modification by hand of the driver files
- Creation of the language definition files
« Changestomerlin.mbs
1. function format.url reworked to provide a cleaner URL for DOIs
doi: (doi) VS URL http://dx.doi.org/(doi)

2. \urlprefix empty
3. quotes « » typeset by \frquote of babel-french



Usage




Simpleas 1, 2,3

The package cjs-rcs-article is part of the standard TgX distributions.

Standard Alternative
1. Make sure the TgX distribution is 1. Download and uncompress
up-to-date cjs-rcs-article-project-install.zip
2. Grab a template* 2. Grab a template
3. Start writing 3. Start writing

*: Not as simple as it should



Final thoughts




This was all great fun!



This document was typeset with the Xg8TgX document preparation system using the beamer
class and the Metropolis theme. The main text is in Fira Sans, and the computer code in
Fira Mono. Icons come from Font Awesome.
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