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o0 Preliminaries

Please note that the code does not imply any warranties. I need to thoroughly check everything still before
it can be actual production code. If you want to use it, please check for yourself before you include any
results in your publications or elsewhere.

1 Introduction: Goal of This Document

2 Required Software

All code presented here is written in R (2022). We will use data from the Human Mortality Database
(“HMD?, 2022) and the Human Fertility Database (“HFD?”, 2022). This will be done implicity via the
packages HMDHFDplus by Tim Riffe (2015) as the actual code to access both databases is implemented
in my code. Nevertheless, you need to register first with both databases at www.mortality.org and
www.humanfertility.org. And to make things smoother, I would recommend to have the package
already installed. In case you do not have it yet, here is the code (obviously, you can use any “repo” you

like):
install.packages ("HMDHFDplus", repos="https://cran.wu.ac.at/")

## Installing package into ’/home/roland/R/x86_6/-pc-linux-gnu-library/4.2’°
## (as ’lib’ is unspecified)

Loading the package is then done implicitly in my package. But please remember your respective
usernames and passwords. They consist of the email address you used for registering and a numeric code
used as a password.

I saved them in a file called accessHMDHFD. txt in another directory (as a data frame with four
columns and one row of data).

access.data <- read.table("../../accessHMDHFD.txt", header=TRUE, sep=",")
HMD.user <- trimws(access.data$HMDuser[1],"b")

HMD.pw <- trimws(access.data$HMDpassword[1],"b")

HFD.user <- trimws(access.data$HFDuser[1],"b")

HFD.pw <- trimws(access.data$HFDpassword[1],"b")

You will need those later on. Please remember then that you have to use your own credentials instead
of HMD . user or HMD . pw, for instance frank . drebin@example . comand 123456. Please do not forget
that the password — despite being a number — should passed as a character vector (i.e. a string).

My own software is (still) hosted on GitLab.

To load the packages easily from there, you need to have the package remotes installed. In case you
do not, please:

install.packages("remotes", repos="https://cran.wu.ac.at/")

## Installing package into ’/home/roland/R/x86_64-pc-linuz-gnu-library/4.2’°
## (as ’ltb’ is unspecified)


www.mortality.org
www.humanfertility.org

The packages you will need from there are:

library(remotes)

install_gitlab("rolandrau/AnnualWorldPopulation")
install_gitlab("rolandrau/WorldPopQuery")
install_gitlab("rolandrau/ProjMatRawData")
install_gitlab("rolandrau/StablePop")

This might take a few seconds.

* Package AnnualWorldPopulation is a dependency which is still required. But I am currently
thinking of trying to rewrite my code so it is not required anymore. Nevertheless, you might be
interested in the package because it allows you to extract population data for single ages and single
calendar years from the United Nations’ World Population Prospects (2019 Revision, estimates &
medium variant). Here is an example:

library(AnnualWorldPopulation)
data(pop.array)
str(pop.array)

## num [1:101, 1:151, 1:3, 1:255] 295 274 256 240 227 ...
## - attr(x, "dimnames")=List of 4

#i#t .. $ Age : chr [1:101] "Q" "qm n2m n3"

#t ..$ Period: chr [1:151] "1950" "1951" "1952" "1953"
#Hit ..$ Sex : chr [1:3] "Both" "Female" "Male"

#i# ..$ Code : chr [1:255] "4" n"g" mwi2" "24"

The fourth dimension (Code) will be explained in the next section. The code for the US is 840.
Hence it is easy to extract the female population aged 8085 in the year 2000. Either you do it

directly:

examplel <- pop.array[paste(80:85), paste(2000), "Female", "840"]

Or you use the extraction function I wrote:

example2 <- population(CountryCode=840, Sex="Female", Ages=80:85, Years=2000)

Both should yield the same data (in thousands):

examplel



#Hi# 80 81 82 83 84 85
## 732.298 680.086 626.170 571.398 516.506 461.329

example?

#Hi# 80 81 82 83 84 85
## 732.298 680.086 626.170 571.398 516.506 461.329

Most people do not know the required country codes which are used by the United Nations. That
is why I wrote package WorldPopQuery. It allows you to find the code for a country (or region,
...) and vice versa. Some examples might clarify what it can do (please note that upper-/lower-case
does not matter and partial matching as well without any wildcards such as *, ...).

library(WorldPopQuery)
Search.CountryCode ("United")

#H# country countrycode
## 44  United Republic of Tanzania 834
## 106 United Arab Emirates 784
## 165 United States Virgin Islands 850
## 231 United Kingdom 826
## 255 United States of America 840

Search.CountryCode ("NITeD")

#H country countrycode
## 44  United Republic of Tanzania 834
## 106 United Arab Emirates 784
## 165 United States Virgin Islands 850
## 231 United Kingdom 826
## 255 United States of America 840

And the reverse operation:

Search.Country("900")

#Hit country countrycode
## 1  WORLD 900

Search.Country ("276")

#Hit country countrycode
## 249 Germany 276



* Finally, package ProjMatRawData contains already the data you need to construct population
projection matrices (“Leslie matrices”).

library(ProjMatRawData)

The data are three-dimension arrays (Period X Age X CountryCode) for L(x), f (x), the sex-ratio at
birth and the actual population. The names of the objectsare Lx . array, fx . array, srb.array,
and pop . arrayb, respectively.

Once again, you can access those data directly:

str(pop.array5)

## Error in str(pop.arrayb5): object ’pop.array5’ not found
pop.array5["2000-2005", paste(c(20, 25)), "840"]

## Error in eval(expr, envir, enclos): object ’pop.array5’ not found

to obtain the female (!) population in the US (“840”) in 2000-2005 at ages 20-24 and 25-29 in
thousands. Its actual purpose is to support the package StablePop (that is why it contains only
the female population).

3 The Main Package StablePop

The main package we are interested in is the package StablePop. It allows the estimation of standard
parameters from stable population theory.

install_gitlab("rolandrau/StablePop")

library(StablePop)

It contains primarily two functions:

¢ stablepopHMDHFD

* stablepopUN

Both functions perform the same analyses (by and large), require different input, though. The func-
tion stablepopHMDHFD estimates the stable population theory parameters using data from the Human
Mortality Database and the Human Fertility Database whereas stablepopUN uses data from the World
Population Prospects (2019 Revision) of the United Nations. A further difterence is that the HMDHFD
approach estimates its values for single years and single ages whereas the UN uses 5 calendar years X 5 age
years.



3.1

3.LI

Input

stablepopHMDHFD ()

The function stablepopHMDHFD () requires the following input paramters:

args (stablepopHMDHFD)

## function (country, year, srb = 1.06, HMD.user, HMD.pw, HFD.user,

##

## NULL

HFD.pw, brute.force.years

= 1000)

country: A character string for the country you want to analyze. If you are unsure about the country
codes you need, please check:

HMDHFDplus: : getHMDcountries ()

#Hi
#H#
##
#Hit
#
#H#
##
#H#

(1]

(8]
[15]
[22]
[29]
[36]
[43]
[501]

"AUS"
"HRV"
"DNK"
"HUN"
"LTU"
"NZL_NM"
"TWN"
"USA"

"AUT"
"HKG"
"ESP"
"IRL"
"LUX"
"POL"
"UKR"

"BEL"
"CHE"
"EST"
"ISL"
"LVA"
"PRT"
"GBR_NP"

HMDHFDplus: : getHFDcountries ()

#H#
#H#
#Hit
#i
##
##

[1]
(8]
[15]
[22]
[29]
[36]

"AUT"
"CZE"
"DEUTE"
"NOR"
"ESP"
"GBR_SCO"

"BLR"
"DNK"
"HUN"
"POL"
"SWE"
"GBR_NIR"

year: A numeric scalar. Calendar year.

"BEL"
"EST"
"ISL"
"PRT"
"CHE"
"USA"

"BGR"
"CZE"
"FIN"
"ISR"
"NLD"
"RUS"
"GBRTENW"

IIBGRII
IIFINII
n ITAII
IIKORII
IITWNII

srb: A numeric scalar. Sex ratio at birth. Default value: 1.06

"BLR"
"DEUTNP"
"FRATNP"
"ITA"
"NOR"
"SVK"
"GBRCENW"

"CAN"
"FRATNP"
"JPN"
IlRUSlI
"UKR"

"CAN"
"DEUTE"
"FRACNP"
"JPN"
"NZL_NP"
"SVN"
"GBR_SCO"

n CHLH
"DEUTNP"
IILTUH
IISVKII
"GBR_NP"

"CHL"
"DEUTW"
"GRC"
"KOR"
"NZL_MA"
"SWE"
"GBR_NIR"

llHRVIl
"DEUTW"
IINLD n
IISVNII
"GBRTENW"

HMD.user: Type character: Username for the Human Mortality Database (Registration Email Ad-
dress)

HMD.pw: Type character: Password for the Human Mortality Database

HFD.user: Type character: Username for the Human Fertility Database (Registration Email Address)



HED.pw: Type character: Password for the Human Fertility Database

brute.force.years: A numeric scalar. The number of years one wants to project the population
into the future by brute force for the population momentum.
3.2 stablepopHMDHFD ()

The function stablepopUN () requires the following input paramters:
args (stablepopUN)

## function (country = 276, period = "2015-2020")
## NULL

country: Anumericscalar. Find the respective code with WorldPopQuery: : SearchCountry ("Norway"),
for instance

period: Type character. Valid time periods are “1950-1955”, ... “2095—-2100".

3.2 Calling the Functions

Both functions yield lists of almost identical components as output. I will refer to the small difference.
Let’s estimate our parameters for the United States in 2000 (HMDHEFED) and for Brazil 2010-2015 (UN).
Please understand that I do not share my usernames and passwords.

access.data <- read.table("../../accessHMDHFD.txt", header=TRUE, sep=",")
HMD.user <- trimws(access.data$HMDuser[1],"b")

HMD.pw <- trimws(access.data$HMDpassword[1],"b")

HFD.user <- trimws(access.data$HFDuser[1],"b")

HFD.pw <- trimws(access.data$HFDpassword[1],"b")

USA.HMDHFD <- stablepopHMDHFD(country="USA", year=2010,
HMD.user=trimws (access.data$HMDuser[1],"b"),
HMD . pw=trimws (access.data$HMDpassword[1],"b"),
HFD.user=trimws (access.data$HFDuser[1],"b"),
HFD.pw=trimws (access.data$HFDpassword[1],"b"))

Search.CountryCode("Brazil")

## country countrycode
## 178 Brazil 76

BRA.UN <- stablepopUN(country=76, period="2005-2010")

The most important publication for the code is, without any doubt: Caswell (2001).



3.3 Output
The precise description of the output can be obtained by

str (USA.HMDHFD)
str(BRA.UN)

Here is a (hopefully) more useful explanation.

projmat The actual projection matrix. Either a rxr matrix (HMDHFD) or a 21X21 matrix.

projmatMomentum The projection matrix after fertility has been switched to replacementlevel (NRR =1,
classic momentum case). Either a mxin matrix (HMDHFD) or a 21X21 matrix.

growth.rate The long-term/intrinsic growth rate of the population. Estimated via the dominant
eigenvalue.

USA .HMDHFD$growth.rate
## [1] 0.9971286
BRA.UN$growth.rate

## [1] 0.984972

age.structure.now The current age structure.

age.structure.stable Theage structure of the stable population corresponding to the given fertil-
ity and survival values.

age.structure.momentum The age structure in the momentum case, i.c. when NRR is set to 1.

NRR Net reproduction rate.

USA . HMDHFD$NRR
## [1] 0.9216791
BRA.UN$NRR

## [1] 0.9230773

which is pretty close to the “official” NRR for Brazil of 0.91r7 (UN WPP 2019).

gen.T Generation length



USA . HMDHFD$gen . T
## [1] 28.36253
BRA.UN$gen.T
## [1] 5.286074
BRA.UN$gen.T * 5
## [1] 26.43037
m.bar Mean age of the age-specific fertility rates
USA .HMDHFD$m. bar
## [1] 28.33211
BRA.UN$m. bar
## [1] 5.278803
BRA.UN$m.bar * 5
## [1] 26.39401
mu.1 Mean age at childbearing in the stationary population
USA .HMDHFD$mu. 1
## [1] 28.309
BRA.UN$mu. 1
## [1] 5.270559
BRA.UN$mu.1 * 5

## [1] 26.3528



A.bar Mean age at childbearing in the stable population

USA .HMDHFD$A . bar
## [1] 28.41611

BRA.UN$A.bar

## [1] 5.301633

BRA.UN$A.bar * 5

## [1] 26.50817

ex Remaining life expectancy at age x.

e0 Life Expectancy at birth.

USA . HMDHFD$e0

#it
## 81.47506

BRA.UN$eO

#Hit
## 15.61438

BRA.UN$eO * 5

#Hit
## 78.07192

growth.rate.sensitivity perturbation analysis of the long term growth rate: sensitivity matrix
growth.rate.elasticity perturbation analysis of the long term growth rate: elasticity matrix
reproduction.value R.A.Fisher’s reproductive value, scaled in a way $ReproductiveValue[1]=1

Momentum.PrestonGuillot Population momentum according to the analytic equation of Preston
and Guillot (1997)

10



USA . HMDHFD$Momentum.PrestonGuillot
## [1] 1.06808
BRA .UN$Momentum.PrestonGuillot

## [1] 1.343618

Momentum.bruteforce Population momentum estimated via “brute force”

USA .HMDHFD$Momentum.bruteforce
## [1] 1.067946
BRA .UN$Momentum.bruteforce

## [1] 1.343659

Momentum.bruteforce Population momentum estimated via “brute force” using my own recursive
implementation.

USA . HMDHFD$MomentumRecursive
## [1] 1.068069
BRA .UN$MomentumRecursive

## [1] 1.343616

RecursiveCalls provides simply the number of recursive calls to find the stopping condition (not

really needed. But potentially useful for debugging.)

II



4

Platform and Software

The software I am using should be platform independent. In case you want to compare your setup with
mine, here is the “Session Info”. The document itself has been prepared using package knitr (as you
will see later for yourself), version 1.39.

sessionInfo()

#H#
#Hi#
#Hit
#
##
#H#
##
##
##
##
#H#
#H#
#i#
#Hit
##
#H#
#H#
##
#Hit
##
#H#
#H#
#Hi#
#Hit
##
##
#H#
#H#
##
#
##

R version 4.2.0 (2022-04-22)
Platform: x86_64-pc-linux-gnu (64-bit)
Running under: Ubuntu 22.04 LTS

Matrix products: default
BLAS:  /usr/local/lib/R/1ib/libRblas.so
LAPACK: /usr/local/lib/R/lib/libRlapack.so

locale:
[1] LC_CTYPE=en_US.UTF-8 LC_NUMERIC=C
[3] LC_TIME=de_DE.UTF-8 LC_COLLATE=en_US.UTF-8
[5] LC_MONETARY=de_DE.UTF-8 LC_MESSAGES=en_US.UTF-8
[7] LC_PAPER=de_DE.UTF-8 LC_NAME=C
[9] LC_ADDRESS=C LC_TELEPHONE=C

[11] LC_MEASUREMENT=de_DE.UTF-8 LC_IDENTIFICATION=C

attached base packages:

[1] stats graphics grDevices utils datasets methods  base
other attached packages:

[1] StablePop_1.0.3 HMDHFDplus_1.9.17

[3] ProjMatRawData_1.0.3 WorldPopQuery_1.0

[5] AnnualWorldPopulation_1.0 remotes_2.4.2

[7] knitr_1.39
loaded via a namespace (and not attached):

[1] codetools_0.2-18 XML_3.99-0.9 digest_0.6.29 R6_2.5.1

[5] lifecycle_1.0.1 magrittr_2.0.3 evaluate_0.15 highr_0.9

[9] httr_1.4.3 cli_3.3.0 rlang_1.0.2 stringi_1.7.6
[13] curl_4.3.2 xml2_1.3.3 tools_4.2.0 stringr_1.4.0
[17] tinytex_0.39 xfun_0.31 compiler_4.2.0 rvest_1.0.2
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s License: GNU Free Documentation License

Version 1.3, 3 November 2008
Copyright © 2000, 2001, 2002, 2007, 2008 Free Software Foundation, Inc.

<https://fsf.org/>

Everyone is permitted to copy and distribute verbatim copies of this license document, but changing it
is not allowed.

Preamble

The purpose of this License is to make a manual, textbook, or other functional and useful document
“free” in the sense of freedom: to assure everyone the effective freedom to copy and redistribute it, with
or without modifying it, either commercially or noncommercially. Secondarily, this License preserves for
the author and publisher a way to get credit for their work, while not being considered responsible for
modifications made by others.

This License is a kind of “copyleft”, which means that derivative works of the document must them-
selves be free in the same sense. It complements the GNU General Public License, which is a copyleft
license designed for free software.

We have designed this License in order to use it for manuals for free software, because free software
needs free documentation: a free program should come with manuals providing the same freedoms that
the software does. But this License is not limited to software manuals; it can be used for any textual work,
regardless of subject matter or whether it is published as a printed book. We recommend this License
principally for works whose purpose is instruction or reference.

1. APPLICABILITY AND DEFINITIONS

This License applies to any manual or other work, in any medium, that contains a notice placed by the
copyright holder saying it can be distributed under the terms of this License. Such a notice grants a world-
wide, royalty-free license, unlimited in duration, to use that work under the conditions stated herein. The
“Document”, below, refers to any such manual or work. Any member of the public is a licensee, and is
addressed as “you”. You accept the license if you copy, modify or distribute the work in a way requiring
permission under copyright law.

A “Modified Version” of the Document means any work containing the Document or a portion of
it, either copied verbatim, or with modifications and/or translated into another language.

A “Secondary Section” is a named appendix or a front-matter section of the Document that deals
exclusively with the relationship of the publishers or authors of the Document to the Document’s overall
subject (or to related matters) and contains nothing that could fall directly within that overall subject.
(Thus, if the Document is in part a textbook of mathematics, a Secondary Section may not explain any
mathematics.) The relationship could be a matter of historical connection with the subject or with related
matters, or of legal, commercial, philosophical, ethical or political position regarding them.

The “Invariant Sections” are certain Secondary Sections whose titles are designated, as being those
of Invariant Sections, in the notice that says that the Document is released under this License. If a sec-
tion does not fit the above definition of Secondary then it is not allowed to be designated as Invariant.
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The Document may contain zero Invariant Sections. If the Document does not identify any Invariant
Sections then there are none.

The “Cover Texts” are certain short passages of text that are listed, as Front-Cover Texts or Back-
Cover Texts, in the notice that says that the Document is released under this License. A Front-Cover
Text may be at most 5 words, and a Back-Cover Text may be at most 25 words.

A “Transparent” copy of the Document means a machine-readable copy, represented in a format
whose specification is available to the general public, that is suitable for revising the document straight-
forwardly with generic text editors or (for images composed of pixels) generic paint programs or (for
drawings) some widely available drawing editor, and that is suitable for input to text formatters or for
automatic translation to a variety of formats suitable for input to text formatters. A copy made in an
otherwise Transparent file format whose markup, or absence of markup, has been arranged to thwart or
discourage subsequent modification by readers is not Transparent. An image format is not Transparent
if used for any substantial amount of text. A copy that is not “Transparent” is called “Opaque”.

Examples of suitable formats for Transparent copies include plain ASCII without markup, Texinfo
input format, LaTeX input format, SGML or XML using a publicly available DTD, and standard-conforming
simple HTML, PostScript or PDF designed for human modification. Examples of transparent image
formats include PNG, XCF and JPG. Opaque formats include proprietary formats that can be read and
edited only by proprietary word processors, SGML or XML for which the DTD and/or processing tools
are not generally available, and the machine-generated HTML, PostScript or PDF produced by some
word processors for output purposes only.

The “Title Page” means, for a printed book, the title page itself, plus such following pages as are
needed to hold, legibly, the material this License requires to appear in the title page. For works in formats
which do not have any title page as such, “Title Page” means the text near the most prominent appearance
of the work’s title, preceding the beginning of the body of the text.

The “publisher” means any person or entity that distributes copies of the Document to the public.

A section “Entitled XYZ” means a named subunit of the Document whose title either is precisely
XYZ or contains XYZ in parentheses following text that translates XYZ in another language. (Here XYZ
stands for a specific section name mentioned below, such as “Acknowledgements”, “Dedications”,
“Endorsements”, or “History”.) To “Preserve the Title” of such a section when you modify the Doc-
ument means that it remains a section “Entitled XYZ” according to this definition.

The Document may include Warranty Disclaimers next to the notice which states that this License
applies to the Document. These Warranty Disclaimers are considered to be included by reference in
this License, but only as regards disclaiming warranties: any other implication that these Warranty Dis-
claimers may have is void and has no effect on the meaning of this License.

2. VERBATIM COPYING

You may copy and distribute the Document in any medium, either commercially or noncommercially,
provided that this License, the copyright notices, and the license notice saying this License applies to the
Document are reproduced in all copies, and that you add no other conditions whatsoever to those of this
License. You may not use technical measures to obstruct or control the reading or further copying of the
copies you make or distribute. However, you may accept compensation in exchange for copies. If you
distribute a large enough number of copies you must also follow the conditions in section 3.

You may also lend copies, under the same conditions stated above, and you may publicly display
copies.
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3. COPYING IN QUANTITY

If you publish printed copies (or copies in media that commonly have printed covers) of the Document,
numbering more than 100, and the Document’s license notice requires Cover Texts, you must enclose
the copies in covers that carry, clearly and legibly, all these Cover Texts: Front-Cover Texts on the front
cover, and Back-Cover Texts on the back cover. Both covers must also clearly and legibly identify you as
the publisher of these copies. The front cover must present the full title with all words of the title equally
prominent and visible. You may add other material on the covers in addition. Copying with changes
limited to the covers, as long as they preserve the title of the Document and satisfy these conditions, can
be treated as verbatim copying in other respects.

If the required texts for either cover are too voluminous to fit legibly, you should put the first ones
listed (as many as fit reasonably) on the actual cover, and continue the rest onto adjacent pages.

If you publish or distribute Opaque copies of the Document numbering more than 100, you must
either include a machine-readable Transparent copy along with each Opaque copy, or state in or with
each Opaque copy a computer-network location from which the general network-using public has access
to download using public-standard network protocols a complete Transparent copy of the Document,
free of added material. If you use the latter option, you must take reasonably prudent steps, when you
begin distribution of Opaque copies in quantity, to ensure that this Transparent copy will remain thus
accessible at the stated location until at least one year after the last time you distribute an Opaque copy
(directly or through your agents or retailers) of that edition to the public.

It is requested, but not required, that you contact the authors of the Document well before redis-
tributing any large number of copies, to give them a chance to provide you with an updated version of
the Document.

4. MODIFICATIONS

You may copy and distribute a Modified Version of the Document under the conditions of sections 2 and
3 above, provided that you release the Modified Version under precisely this License, with the Modified
Version filling the role of the Document, thus licensing distribution and modification of the Modified
Version to whoever possesses a copy of it. In addition, you must do these things in the Modified Version:

A. Use in the Title Page (and on the covers, if any) a title distinct from that of the Document, and
from those of previous versions (which should, if there were any, be listed in the History section
of the Document). You may use the same title as a previous version if the original publisher of that
version gives permission.

B. List on the Title Page, as authors, one or more persons or entities responsible for authorship of the
modifications in the Modified Version, together with at least five of the principal authors of the
Document (all of its principal authors, if it has fewer than five), unless they release you from this
requirement.

C. State on the Title page the name of the publisher of the Modified Version, as the publisher.
D. Preserve all the copyright notices of the Document.

E. Add an appropriate copyright notice for your modifications adjacent to the other copyright no-
tices.
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0.

. Include, immediately after the copyright notices, a license notice giving the public permission to

use the Modified Version under the terms of this License, in the form shown in the Addendum
below.

Preserve in that license notice the full lists of Invariant Sections and required Cover Texts given in
the Document’s license notice.

. Include an unaltered copy of this License.

. Preserve the section Entitled “History”, Preserve its Title, and add to it an item stating at least the

title, year, new authors, and publisher of the Modified Version as given on the Title Page. If there
is no section Entitled “History” in the Document, create one stating the title, year, authors, and
publisher of the Document as given on its Title Page, then add an item describing the Modified
Version as stated in the previous sentence.

Preserve the network location, if any, given in the Document for public access to a Transparent
copy of the Document, and likewise the network locations given in the Document for previous
versions it was based on. These may be placed in the “History” section. You may omit a network
location for a work that was published at least four years before the Document itself, or if the
original publisher of the version it refers to gives permission.

For any section Entitled “Acknowledgements” or “Dedications”, Preserve the Title of the section,
and preserve in the section all the substance and tone of each of the contributor acknowledgements
and/or dedications given therein.

Preserve all the Invariant Sections of the Document, unaltered in their text and in their titles. Sec-
tion numbers or the equivalent are not considered part of the section titles.

Delete any section Entitled “Endorsements”. Such a section may not be included in the Modified
Version.

Do not retitle any existing section to be Entitled “Endorsements” or to conflict in title with any
Invariant Section.

Preserve any Warranty Disclaimers.

If the Modified Version includes new front-matter sections or appendices that qualify as Secondary
Sections and contain no material copied from the Document, you may at your option designate some or
all of these sections as invariant. To do this, add their titles to the list of Invariant Sections in the Modified
Version’s license notice. These titles must be distinct from any other section titles.

You may add a section Entitled “Endorsements”, provided it contains nothing but endorsements of

your Modified Version by various parties—for example, statements of peer review or that the text has

been approved by an organization as the authoritative definition of a standard.

You may add a passage of up to five words as a Front-Cover Text, and a passage of up to 25 words as
a Back-Cover Text, to the end of the list of Cover Texts in the Modified Version. Only one passage of
Front-Cover Text and one of Back-Cover Text may be added by (or through arrangements made by) any

one entity. If the Document already includes a cover text for the same cover, previously added by you or
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by arrangement made by the same entity you are acting on behalf of, you may not add another; but you
may replace the old one, on explicit permission from the previous publisher that added the old one.

The author(s) and publisher(s) of the Document do not by this License give permission to use their
names for publicity for or to assert or imply endorsement of any Modified Version.

s. COMBINING DOCUMENTS

You may combine the Document with other documents released under this License, under the terms
defined in section 4 above for modified versions, provided that you include in the combination all of the
Invariant Sections of all of the original documents, unmodified, and list them all as Invariant Sections of
your combined work in its license notice, and that you preserve all their Warranty Disclaimers.

The combined work need only contain one copy of this License, and multiple identical Invariant
Sections may be replaced with a single copy. If there are multiple Invariant Sections with the same name
but different contents, make the title of each such section unique by adding at the end of it, in parentheses,
the name of the original author or publisher of that section if known, or else a unique number. Make the
same adjustment to the section titles in the list of Invariant Sections in the license notice of the combined
work.

In the combination, you must combine any sections Entitled “History” in the various original doc-
uments, forming one section Entitled “History”; likewise combine any sections Entitled “Acknowledge-
ments”, and any sections Entitled “Dedications”. You must delete all sections Entitled “Endorsements”.

6. COLLECTIONS OF DOCUMENTS

You may make a collection consisting of the Document and other documents released under this License,
and replace the individual copies of this License in the various documents with a single copy that is in-
cluded in the collection, provided that you follow the rules of this License for verbatim copying of each
of the documents in all other respects.

You may extract a single document from such a collection, and distribute it individually under this
License, provided you insert a copy of this License into the extracted document, and follow this License
in all other respects regarding verbatim copying of that document.

7. AGGREGATION WITH INDEPENDENT WORKS

A compilation of the Document or its derivatives with other separate and independent documents or
works, in or on a volume of a storage or distribution medium, is called an “aggregate” if the copyright
resulting from the compilation is not used to limit the legal rights of the compilation’s users beyond what
the individual works permit. When the Document is included in an aggregate, this License does not apply
to the other works in the aggregate which are not themselves derivative works of the Document.

If the Cover Text requirement of section 3 is applicable to these copies of the Document, then if
the Document is less than one half of the entire aggregate, the Document’s Cover Texts may be placed
on covers that bracket the Document within the aggregate, or the electronic equivalent of covers if the
Document is in electronic form. Otherwise they must appear on printed covers that bracket the whole

aggregate.
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8. TRANSLATION

Translation is considered a kind of modification, so you may distribute translations of the Document
under the terms of section 4. Replacing Invariant Sections with translations requires special permission
from their copyright holders, but you may include translations of some or all Invariant Sections in addi-
tion to the original versions of these Invariant Sections. You may include a translation of this License, and
all the license notices in the Document, and any Warranty Disclaimers, provided that you also include the
original English version of this License and the original versions of those notices and disclaimers. In case
of a disagreement between the translation and the original version of this License or a notice or disclaimer,
the original version will prevail.

If a section in the Document is Entitled “Acknowledgements”, “Dedications”, or “History”, the re-
quirement (section 4) to Preserve its Title (section 1) will typically require changing the actual title.

9. TERMINATION

You may not copy, modify, sublicense, or distribute the Document except as expressly provided under this
License. Any attempt otherwise to copy, modify, sublicense, or distribute it is void, and will automatically
terminate your rights under this License.

However, if you cease all violation of this License, then your license from a particular copyright holder
is reinstated (a) provisionally, unless and until the copyright holder explicitly and finally terminates your
license, and (b) permanently, if the copyright holder fails to notify you of the violation by some reasonable
means prior to 6o days after the cessation.

Moreover, your license from a particular copyright holder is reinstated permanently if the copyright
holder notifies you of the violation by some reasonable means, this is the first time you have received
notice of violation of this License (for any work) from that copyright holder, and you cure the violation
prior to 30 days after your receipt of the notice.

Termination of your rights under this section does not terminate the licenses of parties who have
received copies or rights from you under this License. If your rights have been terminated and not per-
manently reinstated, receipt of a copy of some or all of the same material does not give you any rights to
use it.

10. FUTURE REVISIONS OF THIS LICENSE

The Free Software Foundation may publish new, revised versions of the GNU Free Documentation Li-
cense from time to time. Such new versions will be similar in spirit to the present version, but may differ
in detail to address new problems or concerns. See https://www.gnu.org/licenses/.

Each version of the License is given a distinguishing version number. If the Document specifies that
a particular numbered version of this License “or any later version” applies to it, you have the option of
following the terms and conditions either of that specified version or of any later version that has been
published (not as a draft) by the Free Software Foundation. If the Document does not specify a version
number of this License, you may choose any version ever published (not as a draft) by the Free Software
Foundation. If the Document specifies that a proxy can decide which future versions of this License can
be used, that proxy’s public statement of acceptance of a version permanently authorizes you to choose
that version for the Document.
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11. RELICENSING

“Massive Multiauthor Collaboration Site” (or “MMC Site”) means any World Wide Web server that
publishes copyrightable works and also provides prominent facilities for anybody to edit those works. A
public wiki that anybody can edit is an example of such a server. A “Massive Multiauthor Collaboration”
(or “MMC”) contained in the site means any set of copyrightable works thus published on the MMC
site.

“CC-BY-SA” means the Creative Commons Attribution-Share Alike 3.0 license published by Cre-
ative Commons Corporation, a not-for-profit corporation with a principal place of business in San Fran-
cisco, California, as well as future copyleft versions of that license published by that same organization.

“Incorporate” means to publish or republish a Document, in whole or in part, as part of another
Document.

An MMC is “eligible for relicensing” if it is licensed under this License, and if all works that were first
published under this License somewhere other than this MM C, and subsequently incorporated in whole
or in partinto the MMC, (1) had no cover texts or invariant sections, and (2) were thus incorporated prior
to November 1, 2008.

The operator of an MMC Site may republish an MMC contained in the site under CC-BY-SA on
the same site at any time before August 1, 2009, provided the MMC is eligible for relicensing.

ADDENDUM: How to use this License for your documents

To use this License in a document you have written, include a copy of the License in the document and
put the following copyright and license notices just after the title page:

Copyright © YEAR YOUR NAME. Permission is granted to copy, distribute and/or modify
this document under the terms of the GNU Free Documentation License, Version 1.3 or
any later version published by the Free Software Foundation; with no Invariant Sections, no
Front-Cover Texts, and no Back-Cover Texts. A copy of the license is included in the section
entitled “GNU Free Documentation License”.

If you have Invariant Sections, Front-Cover Texts and Back-Cover Texts, replace the “with ... Texts.”
line with this:

with the Invariant Sections being LIST THEIR TITLES, with the Front-Cover Texts being
LIST, and with the Back-Cover Texts being LIST.

If you have Invariant Sections without Cover Texts, or some other combination of the three, merge
those two alternatives to suit the situation.

If your document contains nontrivial examples of program code, we recommend releasing these ex-
amples in parallel under your choice of free software license, such as the GNU General Public License,
to permit their use in free software.
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