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1 AIS, S.A. 

AIS, Aplicaciones de Inteligencia Artificial, S.A. is 
a multinational with over 20 years experience, 
specialising in the development of automatic 
systems to help companies in decision-making 
processes, allowing decisions to be reached at a 
minimum cost.  
 
The activities of AIS are threefold: consultancy, 
software design and creation of statistical and 
optimisation models.  
 
Its solutions include: quantitative credit risk 
assessment, application of quantitative 
techniques in marketing, risk control in the 
insurance sector, optimisation of paper sizes, 
monitoring of production, consumption forecasts 
and optimum distribution of energy, cash and 
daily publications. It also offers expert 
consultancy in the different divisions. 
 

AIS counts on customers in more than 22 
countries, with offices in Portugal, Argentina, Chile 
and Mexico.  
 
The activities of AIS in credit risk analysis in the 
financial sector have always been its core 
business. Thanks to the new proposals made by 
the Basle Committee (BIS), its activities have 
received new momentum. In accordance with the 
New Capital Agreement, approved in June 2004, 
the risk control policy carried out by the financial 
entities is undergoing profound change in order to 
adapt to the economic reality and needs of the 
present moment.  
 
Ramon Trias, President and Director General of 
AIS, is one of the company's experts in Basle II. 
Over recent years, he has given more than 20 
conferences on this topic around the world. Bolivia, 
Colombia, Panama, Dominican Republic, Spain, 
Mexico, Chile and Portugal have been just some of 
the destinations. 

 
Contact details:  
 

AIS - APLICACIONES DE INTELIGENCIA ARTIFICIAL, S.A. 

 
Registered address: 

C/ Castillejos, 365, 2ª planta 
08025 Barcelona (Spain) 

 

E-mail: 
research@ais-int.com 

 

Registered in the Mercantile Register of Barcelona 
T.8.675, L.7.917, Sec. 2ª, F.113, H.101882, Registration 1 

 
VAT Nº. A-58-417759 
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2 Introduction to RDF 

The implementation of advanced models for risk 
management is beginning to be a reality for ever 
more financial entities. Its applications are 
increasing thanks to two converging reasons: the 
process of self-assessment of capital, initiated by 
the different central banks in the countries which 
follow the directives of Basle II and the 
competitive advantages it provides (economic 
capital, stress testing, RAROC, pricing, etc). 
 
AIS has capitalised on its experience in the 
financial sector, launching on to the market a new 
method for the calculation of stress testing  on 
the economic capital  of credit risk. This method, 
known as RDF (Risk Dynamics into the Future), 
aims to become a new standard in stress testing 
in the risk management area. 
 
 

 
Stress testing consists of a series of 
analyses, techniques and actions aimed at 
measuring the vulnerability  of entities, 
systems and models in the event of 
exceptional  circumstances. The sensitivity 
of the financial sector to the effects of 
economic recession, despite it playing a 
central role in its control and improvement 
(or worsening), means this tool is essential  
for good operation of both the entities and 
regulators in the sector and the system as a 
whole. 
 
The regulation  backs up this criterion in its 
highest exponent of the “International 
Convergence of Capital Measurement and 
Capital Standards (June 2004)”: 

• Part 2.III.H.4.Stress tests used in 
assessment of capital adequacy-
Minimum requirements for IRB 
Approach-The first Pillar  

• Part 3.III.B.1. Stress tests under the 
IRB approaches-The second Pillar 

 
 
 
RDF combines a series of models duly selected 
by AIS, allowing, by way of sophisticated 
econometric models, the simulation of 
unfavourable economic scenarios, the calculation 
of the distribution of losses in these scenarios and 
support for strategic planning and business 
development.  
 
The methodological documentation is published 
with GNU Free Documentation Licenses. In 
general terms: great transparency in return for the 
declaration of authorship. The sphere of this 
licence shall be solely the method, with AIS 

reserving the commercialisation of the software 
developed by AIS. 
 
The new standard 
 
All these elements make RDF a leading candidate 
to become a new standard in the risk management 
area. This new method overcomes most of the 
deficiencies of other classic systems currently 
present on the market: incomplete methods, 
imprecision, unlikely stress testing hypotheses, etc. 

RDF METHOD QUALITY CRITERIA  
Two main quality criteria have been followed in the 
development of the methodology. Firstly, it should 
adapt perfectly to the Basel II  agreements. In this 
sense, the development of RDF has used the 
same elements which define the expected loss 
(PD, LGD, EAD), only using plausible hypotheses 
and models in a credit risk context. 
 
Secondly, the method must be useful for the 
development of the business of the financial entity. 
In this sense we have aimed to provide a global 
vision of the risk assumed through the complete 
calculation of the distribution of losses, in order to 
achieve directly applicable risk measurements 
(VaR, shortfall). We have also strived to make RDF 
both simple in the exploration of stress scenarios 
through economic indicators using the common 
language of economists, risk executives and 
general managers (GDP, CPI, unemployment, 
Euribor, etc) and speedy in the obtaining of risk 
reports to facilitate the scenario exploration stage. 

RDF MAIN METHODOLOGICAL 
CRITERIA 
The main criteria  used in the construction of RDF 
are: 
 

� The sources of variability  which produce 
the risk result essentially from the 
macroeconomic situation. An 
econometric  or macromodel  allows this 
domain to be governed. VARMA  type 
models have been chosen for this 
method. 

 
� The companies  and retail  exposures of 

the portfolio will support or not the effect 
of the possible crises. The modelling of 
their response capacity will combine the 
macroeconomic variables and the 
characteristics of the instrument and of 
the specific data of each sub-portfolio, in 



w w w . a i s - i n t . c o m   page_9 

the so-called micromodels . The model 
could be developed at contract level, 
although the treatment of sub-portfolios  
seems most suitable. 

 
� The micromodels  which relate the 

macroeconomic situation to the losses in 
each sub-portfolio have their own 
residual variables. These random 
variables will be categorised as risk 
drivers, linking together in a single 
multivariant distribution  (in this case 
as independent variables) with the 
macroeconomic model. 

 
� The macroeconomic model 

(macromodel ) enriched with the 
residual variables of the models, 
optionally multiperiod, is integrated in a 
single dimension multivariant 
distribution  (number of periods x 
number of macro and micro variables). 

The indirect effect and the interactions are 
thus controlled. 

 
� The risk measurements  use the 

distribution of the losses from the micro  
and macro  models through the indicated 
multivariant distribution. VaR, Shortfall or 
unexpected loss can be calculated in a 
conditioned scenario. 

 
� We understand definition of scenarios  

as being the instantiation of some 
variables in some periods. The system 
must be capable of calculating the 
probability of occurrence of this 
instantiation and of generating the 
resulting marginal distribution. 

 
� The method includes an innovative 

analytical solution for the integration of 
the losses function, which complements 
the more traditional Monte Carlo solution. 

. 
 
 
 
 
 
 

 
 
 
 
 



w w w . a i s - i n t . c o m   page_10 

RDF METHOD MODULES

The RDF method is made up of the following modules: 
 

 
 
 
 

RDF inputs and outputs 

The model inputs  are: 

- A segmentation of the credit 
portfolios 

- Series of probabilities of default 
(PD) and historical LGDs per 
segment 

- The expected exposures for the 
period analysed per segment 

- The scenarios to simulate 

and the outputs  are: 

- The distribution of losses of a 
scenario-conditioned portfolio 
(current and extreme) 

- Expected loss  

- Economic Capital 

- Projection of the extreme scenario-
conditioned economic indicators 

 

Configuration of portfolios 

The segmentation of the portfolios is made ad hoc 
in line with the credit portfolios of each bank. The 
implementation stage includes a preliminary 
segmentation study of the portfolios of the financial 
entity. This segmentation should fulfil a dual goal. 
Firstly, it should separate the portfolios with a low 
correlation of losses, in order to minimise the final 
economic capital. Secondly, it should coincide with 
the business units to be dealt with in the regulatory 
capital calculation. 
 

The models of the components of the expected 
loss (PD and LGD) must be ad hoc for the entity. 
The implementation stage must include the 
development of the PD and LGD prediction 
models, using the economic indicators which form 
part of the VARMA model. We can then project 
these components and incorporate their 
fluctuations into the loss distribution. 

 

 

Macroeconomic and sectorial variables  

PD, LGD and EAD Models of the portfolios  

Residual v ariables. Portfolio and model  sector  

VARMA Model  Defini tion of scenarios  

Condi tion ed distribution of  variables  

Consolida tion  

Joint distribution of  variables  

Condi tion ed distributio n of losses,  
VaR, shortfall,…  

Modelisation  Exploitation  
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Scenarios 

Stress scenarios are possible states of the future 
and identify extreme situations of the economy. 
They are defined using macroeconomic variable 
values in a future period. The impact of these 
scenarios on the risk measurements can then be 
analysed. 
 
Different types of scenarios can be defined: 
historical, hypothetical or systematic. 

Macromodels: VARMA 

All the scenarios are calculated by way of a single 
general VARMA model of the macroeconomic 
environment. This model is common for the entire 
country banking system and has the function of 
making future projections for the selected 
economic indicators and calculating their joint 
distribution in these future periods.  
 
The future values of the economic indicators 
introduced by the analyst will condition the 
VARMA model in new projections of the 
indicators and their distribution. This system has 
the advantage of breaking away from the 
limitations found in classical hypotheses of ceteris 
paribus, calculating direct and indirect effects of 
hypothetical yet plausible scenarios.  
 

Micromodels: PD, LGD and EAD 

The determination of the changes in the interest 
risk measurements of each scenario depends on 
the model which relates the credit risk 
measurements to the macroeconomic variables. 
This requires us to identify the macroeconomic 
variables which influence the behaviour structure 
of the credit risk of each portfolio and to quantify 
these variables in the risk of these portfolios. 
 
This is carried out using econometric models 
such as regression, which relates the 
macroeconomic variables to a risk measurement 
of each portfolio, such as probability of default 
(PD) and LGD. The models should take into 
account the complexity of the concentration and 
the correlation in the integration of the risk 
measurements of several portfolios. 
 

Joint distribution of variables 

Once the scenarios have been defined using the 
MultiNormal distribution of transformed 
macroeconomic variables along with the random 
variables of micromodels, we can generate the 
residual distribution conditioned to the 
instantiation of one or some of the variables at 
specific moments in time.  

 
As a consequence, we shall have a marginal 
distribution, also multinormal, with a dimension 
smaller than that of the original VARMA model.  By 
applying the Schur complement matrix calculation, 
we can determine the conditioned covariance 
matrix at the instantiation of the variables which 
define a scenario. 
 
This new scenario concept has 2 fundamental 
advantages: firstly, it reduces the limitations of 
ceteris paribus (the indirect effects are also taken 
into account), and, secondly, it is not limited to the 
expected value conditioned to certain values, but 
rather operates on the marginal distribution of 
losses conditioned to these values. 

The conditioned loss function 

Given a series of macroeconomic variable values 
we obtain the PD and LGD associated to each 
segment/portfolio, which, in turn, give us the 
losses, multiplying these values by exposure. The 
total losses conditioned to these values will be 
calculated by adding the losses associated to each 
segment/portfolio.  

Calculation of distribution of losses 

Distribution of losses is calculated using the 
estimation of probability of losses, expressed as a 
surface integral: 
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This multiple integral is resolved by way of numeric 
approximation through an original method of 
asymptotic expansions in stationary points. 

SOME INDICATIONS FOR 
IMPLEMENTATION  
 
In order to implement RDF we propose defining 
three main elements: tests, scenarios and 
portfolios. 
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Chart 1: Test elements 

 
 
The test is the main analysis unit. A test calculates 
the distribution of losses of the portfolios 
conditioned to an economic stress scenario. The 
test can be used to obtain reports containing loss 
indicators (expected loss, VaR, economic capital, 
expected shortfall…).  
 
In order to define a scenario, it is first necessary to 
set the time period for the calculation of the 
distribution of losses (e.g. the next year). The 

application should then show the projection of 
non-conditioned economic indicators (GDP, CPI, 
unemployment, Euribor, etc).  After this, the 
analyst can create a stress scenario by modifying 
or fixing these indicators in one or more periods, 
or by specifying a known stress scenario pattern 
(e.g. the crisis of '93). Finally, the application 
should show the projection of the economic 
indicators conditioned to the hypothetical values of 
the specified scenario. 

 
 

 

Chart 2: Creation of scenario  

 
Finally, the configuration of portfolios  will 
involve selecting the portfolios to form part of the 
test and, in the opinion of the analyst, the level of 
EAD to be assumed in each portfolio. In this way, 

the analyst can carry out different tests and define 
the envisaged level of exposure in each one of the 
business units. 

 

PROJECTION  
SCENARIO-

CONDITIONED 
ECONOMIC 

INDICATORS   

Stress 
scenario 
models 

Modification of 
economic 

variables of 
scenario 

PROJECTION  
NON-SCENARIO 
CONDITIONED 

ECONOMIC INDICATORS   

 
VAR Model 

Real 
macroeconomic 

data 

Analysis 
timeframe 

STAGE 1 

STAGE 2 

TEST 

SCENARIO PORTFOLIOS 
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Chart 3: Configuration of portfolios 

 
Dhe application requires the quarterly loading of 
the series of economic indicators (GDP, CPI, 
Euribor, unemployment…). This allows the 
forecasts to be updated in line with the current 
situation. 
 
There should also be yearly monitoring of the 
internal models (VAR, PD, LGD). This segment 

will involve analysing the stability of the 
parameters and their prediction level. This 
analysis will determine the validity or the need to 
re-estimate each model. The application should be 
organised so as to allow easy replacement of new 
and old models. 

 

 
CONFIGURATION 

PORTFOLIOS 

SELECTION PORTFOLIO 
   - Mortgage 
   - Consumer 
   - Business… 

PROJECTION OF 
CONDITIONED PD SERIES 

 

 
EAD 

Projection of scenario-
conditioned economic 

indicators 
The analyst sets the 
envisaged exposition 

in each segment 

Model of 
PD, LGD 
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3 Glossary 

Basel II: International regulation approved in 2004, drawn up by the Basel Committee on Banking Supervision 
over recent years in order to guarantee international convergence in the review process of supervisory rules 
for capital sufficiency in banks with international activity. The Basel II document contains the framework 
passed to estimate capital sufficiency, along with the minimum standards to be reached, which the supervising 
authorities in the countries represented on the Committee are presenting for implementation in their respective 
countries. The Committee counted on the backing of the Governors of the Central Banks and of the Heads of 
Banking Supervision of the Group of Ten. 
 
Distribution of losses: This indicates the probability of a given level of losses being incurred. 
 
EAD (Exposure at Default): This is the total amount estimated at the moment of default on a credit or loan.  
 
Economic Capital: This is the capital level above the expected loss which a financial entity must have in order 
to guarantee solvency. It is often expressed as the difference between VaR and expected loss. 
 
 

 
 
EL (Expected Loss) . This is the measurement of the distribution of losses and gains, in other words it 
indicates how much can be lost on average, and is normally associated to the preventative reserves policy 
which the institution should have against credit risks. It is estimated as the product of the probability of default 
(PD), exposure at default (EAD) and loss given default (LGD) of debtors. 
 
Expected Shortfall: This is defined as the expected value of the losses beyond a specified percentile of the 
distribution. Measuring the lower part of the distribution tail, expected shortfall provides a good measurement 
of the extreme losses which may come about.  
 
GNU: The General Public License, often referred to by its acronym GNU GPL, is a licence created by the 
Free Software Foundation in the mid-1980s, and is orientated mainly towards protecting the free distribution, 
modification and use of software. Its goal is to declare that the software covered by this licence is free, 
protecting it from attempts to appropriate it and restrict the freedoms of users. 
 
Historical scenarios: These are past events, normally of crises which may significantly affect the entity. This 
type of analysis is based on the supposition that the past may repeat itself. The limitation is that the future may 
be very different. 
 
Hypothetical scenarios: These cover situations which have not occurred in the past. The goal is to draw up 
possible future events which may cause important losses in the portfolio of the entity. For example, in the case 
of credit risk, we could consider the effect of a hypothetical political crisis in a specific country, the modification 
of the currency exchange system or the simulation of the effects of changes involving interest rates or other 
prices on the credit quality of counterparts. 
 

Frequenc y 

Losses  (€) 

(EL) 
Expected 

loss 

VaR (Value 
at Risk) 

Econo mic  capital  

Non-expected 
loss 

Typical Dev.  

Mean 

Percentil 
(99%) 
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LGD (Losses Given Default): This is the percentage of losses in the event of default on a credit or loan. It is 
measured as a proportion of exposure. This represents the net cost of the default of the debtor, i.e. the 
unrecovered part once the costs involved in recovery have been taken into account. 
 
Loss function: This quantifies the level of losses for the following year. This function is not usually dealt with 
directly, but rather its distribution and other summary statistics are considered. 
 
PD (Probability of Default). This is the probability of a portfolio loan ending in default within a period of one 
year, i.e. the total defaults per "good" client, measured in line with the equivalent life involved. 
 
Systematic scenarios: These involve selecting a wide range of scenarios which envisage a series of variations 
in the risk factors, in order to assess their impact. The largest number of scenarios possible is envisaged, 
regardless of their probability of occurring, in order to determine the main risk factors the entity is exposed to.  
 
Stress testing: This designates the different techniques to assess vulnerability to exceptional yet possible 
events in a plausible timeframe for the financial institutions. Stress testing involves specifying a series of 
scenarios of extreme yet plausible movements in the macroeconomic environment which may affect the risk of 
a portfolio, and to then analyse the expected performance of the portfolio with regards to these scenarios.  
 
Unexpected Loss. This is the loss above that expected, measured as the VaR – EL, which the creditor may 
incur through default of its debtors. It can be expressed as a multiple of the standard deviation of the 
distribution of probabilities of losses and gains. These losses determine the economic capital required by the 
creditor in order to face unenvisaged losses.  
 
Value at Risk (VaR): This is a loss level such that probability “α” of the loss exceeding this amount in a period 
of time corresponds to a certain level of confidence chosen by the analyst. The analyst thus establishes the 
level of confidence with which to work and the time period in which the loss of the financial assets whose risk 
is to be measured may come about. Based on these two parameters, VaR corresponds to the percentile 
associated to the established level of confidence, the distribution of loss probabilities within the given 
timeframe, considering the conditions of uncertainty of the market.  
 
VARMA (Vector Autoregressive Moving Average): A multiequational model which models the evolution of a 
vector of variables over time, estimating the parameters based on historical data. It is presented in two ways: 
structural and reduced. In the structural model, an endogenous variable depends on the contemporary values 
of the other exogenous variables, and depends also on values of the past, of itself and of other variables. In 
the reduced model, each variable depends only on past values of the other endogenous variables. 
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5 Appendix A. GNU Free Documentation License 

Version 1.2, November 2002  

  Copyright (C) 2000, 2001, 2002 Free Software Foundation, Inc. 
  51 Franklin St, Fifth Floor, Boston, MA  02110-1301 USA 
  Everyone is permitted to copy and distribute verbatim copies 
  of this license document, but changing it is not allowed. 
 
0. 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 non-commercially. 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 themselves 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 section does not fit the above definition of 
Secondary then it is not allowed to be designated as Invariant. 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 straightforwardly 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.  
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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 Document 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 Disclaimers 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.  
 
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 redistributing 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 notices. 
F. 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. 
G. Preserve in that license notice the full lists of Invariant Sections and required Cover Texts given in the Document's 

license notice. 
H. Include an unaltered copy of this License. 
I. 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. 

J. 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. 

K. 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. 
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L. Preserve all the Invariant Sections of the Document, unaltered in their text and in their titles. Section numbers or 
the equivalent are not considered part of the section titles. 

M. Delete any section Entitled "Endorsements". Such a section may not be included in the Modified Version. 
N. Do not retitle any existing section to be Entitled "Endorsements" or to conflict in title with any Invariant Section. 
O. 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 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.  
 
5. 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 documents, forming one section 
Entitled "History"; likewise combine any sections Entitled "Acknowledgements", 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 included 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.  
 
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 addition 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 requirement (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 for under this License. Any 
other attempt to copy, modify, sublicense or distribute the Document is void, and will automatically terminate your rights 
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under this License. However, parties who have received copies, or rights, from you under this License will not have their 
licenses terminated so long as such parties remain in full compliance.  
 
10. FUTURE REVISIONS OF THIS LICENSE  
The Free Software Foundation may publish new, revised versions of the GNU Free Documentation License 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 http://www.gnu.org/copyleft/.  
 
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.  
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6 Appendix B. How to use this license in 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 (c) YEAR YOUR NAME. 
  Permission is granted to copy, distribute and/or modify this document 
  under the terms of the GNU Free Documentation License, Version 1.2 
  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 examples in parallel under 
your choice of free software license, such as the GNU General Public License, to permit their use in free software.  
 
 


