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0.1. COPYRIGHT0.1 COPYRIGHTCopyright (
) 2009 Nils Doormann. Permission is granted to 
opy, distribute and/ormodify this do
ument under the terms of the GNU Free Do
umentation Li
ense, Version1.3 or any later version published by the Free Software Foundation; with no InvariantSe
tions, no Front-Cover Texts, and no Ba
k-Cover Texts. A 
opy of the li
ense isin
luded in the se
tion entitled �GNU-Free-Do
umentation� on page 23.
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0.2. INTRODUCTION Contents0.2 Introdu
tionWel
ome to the N-Chains User Guide.Ba
k in the days of 1995, when I moved from my student appartment to a fa
tory �oorin Cologne, I found myself sitting in front of my old 386 trying to get something donewith an old Samplitude. Just like Vienna, the sound font editor, Samplitude was anadd-on in
luded with the SoundBlaster AWE 32 
ard pa
kage. Although I didn't reallyhave a 
lue of all the features of Samplitude mu
h less of the work�ows of sound editingin general, I felt the wish to be able to have in�uen
e on some features within the soundediting environment on my ma
hine. To make it short, during the years I tried almostall kind of musi
 editing programs on di�erent systems, but what I was really looking forwas an extendable environment. Be
ause of several 
ir
umstan
es I 
ame a
ross Linuxand the GNU build system, whi
h gave me an idea of how to unfold. However, yearspassed by and I dis
overed E
asound. I still wonder why I haven't found it earlier, butanyway, it turned out to be the thing that I had always had been looking for! Nowadays,I basi
ally use E
asound from 
ommand line embedded in a shell s
ript, whi
h worksperfe
tly for me. The fa
t, that there is no real time 
ontrol of e�e
t parameters doesn'treally hurt, in fa
t, it for
es me to think twi
e about the meaning of a parameter 
hangeand instead 
on
entrate on listening to the mixing sound. Anyway, there are still use
ases left like, for instan
e, solo-ing a 
hain - whi
h basi
ally means to mute all other
hains - that need little workaround or make some real-time 
ontrol helpful: From withinmy shell s
ript environment, setting a 
hain to solo means to 
omment out all the otherlines that represent a 
hain. Not really a big deal, but it starts annoying you when doingthis several times while working on a proje
t with more than, say 4 
hains. Well, thereare other use 
ases as well, like re
al
ulating snippet o�sets or the like. I started thinkingabout a handy tool to 
ompensate all these use 
ases, so this is why I de
ided to startdeveloping N-Chains. Its featureset is totally driven by personal motivation and by nomeans perfe
t or even 
omplete. I really 
ame o� with something like: oh, lets have thisand that and oh... yes, we 
ould do this...and so on and let's see what it is going to be. I
hose the 
urses environment, be
ause I like it and I like the thought of using the ma
hinefor audio data pro
essing when audio pro
essing instead of image data pro
essing whendoing audio pro
essing. You might agree or not.This book is intended to make you familiar with N-Chains for using it as a sound pro
ess-ing environment. If you like E
asound or Linux or the terminal look-and-feel, this mightbe something for you. If you are a developer and interested in extending the fun
tional-ity of N-Chains, please have a look at the README �le that 
omes with the softwarepa
kage or go to http://n
hains.sour
eforge.net or 
onta
t me via e-mail or subs
ribe tothe N-Chains mailing list to dis
uss your suggestion.This book is still under 
ontru
tion and is far from being perfe
t. If you would liketo 
ontribute, please go to http://n
hains.sour
eforge.net and read the infos within thedo
umentation se
tion. Cologne 06.06.2009, Nils Doormann4



0.3. ABOUT N-CHAINS Contents0.3 About N-ChainsN-Chains is a 
onsole-based frontend to Kai Vehmanen's wonderful audio pro
essingenvironment E
asound1. The development of N-Chains is intended to o�er you somereal-time and intuitive easy-to-use 
apabilities while following the 
on
epts of E
asound.It aims to be a slim appli
ation that 
an be 
ontrolled by simple keyboard short
utswithout the overhead of graphi
al representation.To get an idea of what this means in pra
ti
e, have a look at the following example.While a 
hain set up on 
ommand line would basi
ally look like this:-a:my
hain -i:input.wav -o:alsathe 
ommands to 
hange the input and output of a 
hain in N-Chains would be typingin �i�, for spe
ifying a new audio input for the 
urrent sele
ted 
hain and �o� for a newaudio output devi
e respe
tively. To alter the 
hain name, one would type �a�, be
ause�-a� is the parameter spe
i�er for the 
hain name in e
asound and so on.Another idea behind N-Chains is purity. It is nothing more than it aims to be. Just typein �l� at your favourite position and it will be added to the lo
ator list. Just say �P� forplayat and type in your o�set, �C� for sele
t and �D� for the duration of your snippetand the typed in positions of the 
hain will be updated.0.3.1 Implementation Con
ept0.3.1.1 The Di�eren
e between Tra
ks and ChainsThere exist no �tra
ks�, be
ause this isn't Cubase or Logi
, but an E
asound frontend,so what we deal with is �
hains�. This is important, be
ause the main di�eren
e withinan audio sequen
ing program like Cubase or similar is, that you 
an have more than onevirtual audio input (or snippet) per tra
k. This 
on
ept isn't true for E
asound, be
auseyou always have one audio input and one audio output 
onne
ted to a 
hain. Now, whenimplementing an e
asound 
lient, you have to de
ide wether to
• 
reate an obje
t that maps several 
hains on a virtual �tra
k�, or
• simply extend 
hains to some sort of tra
ks with help of metadata
• implement some other sophisti
ated workaroundTo me, all of the above seems doesn't seem very e�e
tive, so I de
ided to purly adoptthe 
on
ept of dealing with 
hains E
asound for N-Chains.0.3.2 About this BookThis book is intended to make you familiar with the every-day usage of N-Chains inits 
urrent version. This do
ument refers to release version 0.0.1-pre-004 of N-Chains,1E
asound is available at http://e
asound.sour
eforge.net/e
asound/5



0.3. ABOUT N-CHAINS Contentsfuture releases of N-Chains will have improved fun
tionality, so if you have anotherprogram version than the one this book refers to, you are strongly advised to get yourselfan appropriate do
umentation release.0.3.3 Obtaining Do
umetationThis book is part of the o�
ial N-Chains release, so you might �nd the appropriatedo
umentation within the do
 subdire
tory of your downloaded n
hains release pa
kage.If not, take a look at http://n
hains.sour
eforge.net for the 
orre
t version.
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0.4. DOWNLOAD AND INSTALLATION Contents0.4 Download and Installation0.4.1 Getting N-ChainsYou 
an get the latest release from http://sour
eforge.net/proje
ts/n
hains whi
h is theN-Chains proje
t homepage. Older releases might be available ther as well.If you are interested in getting a 
urrent development snapshot of N-Chains you shoulddownload via anonymous CVS:
vs -z3 -d:pserver:anonymous�n
hains.
vs.sour
eforge.net:/
vsroot/n
hains \
he
kout -P n
hains0.4.2 RequirementsYou need a working build system on your ma
hine (like g

 and friends). You also needthe n
urses installed. Audio libraries or similar features that 
an be enabled during
ompilation of e
asound su
h as alsa, oss, ja
k or whatever relate either to the E
asound
ompilation pro
ess or usage of E
asound and are not ne
essary to 
ompile N-Chains.2To run N-Chains as an E
asound 
lient, you will need E
asound >= 2.6.0. You 
an typee
asound --version in order to determine whi
h version of e
asound you have.0.4.3 InstallationIn order to install N-Chains from sour
e, download the latest pa
kage available fromhttp://n
hains.sour
eforge.net. See se
tion Getting N-Chains on the 
urrent page fordetails.Unpa
k the downloaded pa
kage to a lo
ation of your 
hoi
e as follows the usual way:gunzip < n
hains-0.0.1-pre-004.tar.gz |tar -xf -Then, 
hange into the n
hains dire
tory:
d n
hains-0.0.1-pre-004Follow the instru
tions from the INSTALL �le. The typi
al installation pro
edure wouldbe:./
onfiguremakesu (to root)make installThat should be it.2In fa
t, even e
asound itself isn't ne
essary to 
ompile N-Chains :o)7



0.4. DOWNLOAD AND INSTALLATION Contents0.4.4 Problems during installationIf you en
ounter problems during the installation pro
ess, depending on the pro
essstate, either the 
onsole output or 
on�g.log �le might give you information on whatwent wrong. FIXME: INSTALL �le?
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0.5. INVOKING N-CHAINS Contents0.5 Invoking N-ChainsE
asound o�ers the 
apability to run as a t
p server. N-Chains, on the other hand,a
ts as a 
lient appli
ation to a running server instan
e of E
asound. This implies thatthere must be an E
asound server running that N-Chains 
an 
onne
t to, whi
h 
an bea
hieved in serveral ways as des
ribed in the following paragraphs.0.5.1 Ways to Start UpYou 
an either start an E
asound server instan
e by hand on 
ommandline and then letN-Chains 
onne
t to, or you 
an initialize a server startup during N-Chains startup. Thelatter is preferred while working on a lo
al ma
hine. However, we will show both startupmethods. Sin
e N-Chains version 0.0.1-pre-002, the initialization of E
asound as a serverthrough N-Chains is possible. In earlier versions you'll have to start the E
asound serverby hand.To start an E
asound server instan
e during N-Chains startup use the -s option of N-Chains:n
hains -sTo start E
asound as a server by hand, type:e
asound --server -KE
asound will now listen to 
onne
tions on its default t
p port 2868. You 
an wat
h theserver instan
e running with the 
ommand �netstat -tuneap�. It should output a line likethis: Proto Re
v-Q Send-Q Lo
al Address Foreign Address State User Inode PID/Program Namet
p 0 0 0.0.0.0:2868 0.0.0.0:* LISTEN 1000 15447 4659/e
asoundAs you 
an see, the E
asound server uses the TCP proto
ol, it is in state LISTEN, whi
hmeans, it waits for 
onne
tions on port 2868 (Lo
al Address 
olumn).Now, we 
an start N-Chains without any parameters, be
ause the default is to 
onne
ton port 2868 on lo
alhost, the host and port our E
asound server instan
e is 
urrentlyrunning on. To start N-Chains, open another terminal window and type:/usr/lo
al/bin/n
hainswhi
h will start n
hains with a default of 8 
hains already set
9



0.5. INVOKING N-CHAINS Contents

0.5.2 Startup OptionsTo get a list of all startup options avaliable, type/usr/lo
al/bin/n
hains -hThis will output a list of all 
ommandline options available for N-Chains:-
 <
sname>Work on 
hain setup name 
sname. [n
hains℄-d Turn debugging on. [no℄-h Display a short help message and exit.-H <host>The host name where the e
asound server runs on and n
hains should 
onne
t to.This option is ignored when -s is spe
i�ed. [lo
alhost℄-n <num>Set the number of 
hains for the new proje
t.-p <port>The port where n
hains should 
onne
t to. [2868℄-s Try starting e
asound server on lo
al ma
hine. [no℄
10



0.6. THE USER INTERFACE - AN OVERVIEW Contents0.6 The User Interfa
e - An OverviewThe user interfa
e is devided into four main areas of information ea
h of whi
h is des
ribedin detail below:1. The Header2. The Chain List3. The Info4. The Footer0.6.1 The Header

The red-marked area on the pi
ture above is 
alled the Header. Its main purpose isrepresenting some sort of 
olumn headline. The meaning of ea
h 
olumn �eld is des
ribedbelow, information about their spe
i�
 usage 
an be found in the next subse
tion.Chain Name The name of the 
hain in the 
hain �eld below (FIDDLE, GUITAR et
..)i The audio input. If a 
hain has an audio input atta
hed to it, a yellow �I� willappear, similarly to the �eld right ahead, �o�, whi
h stands for audio output.o The audio output. In the example above the green �O� indi
ates that there is anaudio aoutput atta
hed to ea
h 
hain.M The 
hain muting state. A white �M� on red ba
kground (as above) indi
ates thatthe 
hain is muted indire
tly, be
ause of the Solo-State of the �rst 
hain (FIDDLE).If a 
hain is muted dire
tly the �eld would show up a red M only.
11



0.6. THE USER INTERFACE - AN OVERVIEW ContentsS The 
hain solo state.
 Channel 
opy. If on (default, indi
ated by a blue �X�), the 
hain operator 
h
opy:1,2is a
tivatd on the spe
i�
 
hain.v Volume setting, equals to -ea 
hain operator of E
asound.p Panning. This value in�uen
es the Normal pan 
hain operatorPlayatThis is the play-at-time value of the playat feature of an audio input3. Use thisparameter for moving audio inputs on the timeline. See se
tion Playat, Sele
t,Length on page 17 for details on how these values are re
al
ulated on manual
hanges.Sele
tThis is the start-time value of the sele
t feature of an audio input4. See se
tionPlayat, Sele
t, Length on page 17 for details on how these values are re
al
ulatedon manual 
hanges.LengthThis is the duration value from the above said. See se
tion Playat, Sele
t, Lengthon page 17 for details on how these values are re
al
ulated on manual 
hanges.

3Taken from the e
asound (1) manpage:To play an audio obje
t at a given moment in time, the -i:playat, play-at-time, �le.ext,params 
an be used. This will play "�le.ext" after position rea
hes "play-at-time". Thetime values should be given as se
onds (e.g. "2.25", or as samples (e.g. "25000sa"). Pa-rameters 2...N are passed as is to the 
hild obje
t.4Taken from the e
asound (1) manpage:To sele
t and use only a spe
i�
 segment of an audio obje
t, the -i:sele
t, start- time,duration, �le.ext, params 
an be used. This will play "duration" of "�le.ext", starting at"start-time". The time values should be given as se
onds (e.g. "2.25", or as samples (e.g."25000sa"). Parameters 4...N are passed as is to the 
hild obje
t.12



0.6. THE USER INTERFACE - AN OVERVIEW Contents0.6.2 The Chain List

The marked area on the pi
ure above shows the 
hain list. We have three 
hains inour proje
t, named FIDDLE, GUITAR and BODHRAN. The FIDDLE 
hain is set tosolo, whi
h is indi
ated by the yellowish �S� in the S-
olumn, thus the other 
hains beingmuted.0.6.3 The Info AreaThe Info area follows the the 
hain list as you 
an see in the following pi
ture:

It displays various information on the 
urrent sele
ted 
hain (
hain FIDDLE, in this 
ase)su
h as the 
hain name (FIDDLE), the atta
hed audio input (null), the atta
hed audiooutput (alsa) as well as its internal index (000). Also in this area, the 
urrent 
hain setupposition and overall length in se
onds is displayed.
13



0.6. THE USER INTERFACE - AN OVERVIEW Contents0.6.4 The FooterThe last area of the view is 
alled the Footer, whi
h is sort of a status and message bar.It gives the user some feedba
k on his/her intera
tion. In our example the user has justpressed �S�, whi
h is the short
ut for setting a 
hain to solo mode. If you look at the �F� ofthe word FIDDLE in the �rst 
hain, you see the 
ursor right on it, so the �rst 
hain (FID-DLE, internal named �
hain_0�) is set to solo, and this is exa
tly, what the footer says:

14



0.7. USING N-CHAINS Contents0.7 Using N-ChainsIf you haven't started E
asound in server mode somewhere and if you don't know howto start n
hains, yet, read se
tion Invoking N-Chains on page 9 �rst. Unless mentionedotherwise, we assume an E
asound server running on lo
alhost listening on the defaultport and N-Chains started with the -s option only.When starting N-Chains, it 
reates a new 
hain setup 
alled �n
hains-YYYYMMDD-HHMMSS�. Think of this 
hain setup as your work ben
h in within E
asound. You 
anspe
ify a di�erent 
hain setup name on 
ommand line using the �-
� 
ommand line swit
h.By 
onvention, N-Chains works on a single e
asound 
hain setup a time.So, what 
an we do now?Let's assume we want to do some mixing. Let's further assume that we have alreadyre
orded some input wave �les, �ddle.wav, guitar.wav and bodhran.wav for that. Now,what we should �rst 
ome up with is to add these �les to our N-Chains proje
t.0.7.1 Adding Audio Input to a ChainTo add an audio input to a 
hain, use the 
uror keys to move the 
ursor somewhere overthe desired 
hain and type �i� (for input):The Footer will prompt you for the input name within the Info �eld, whi
h 
an be any ofthe input names that E
asound's 
ommand ai-add understands5. You 
an now dire
tlytype the audio input, for example �ddle.wav:

After pressing the return key, N-Chains tries to add the audio input. If everythingworked, the N-Chains interfa
e with the newly added audio input would look like this:5See the des
ription of the e
asound intera
tive mode (iam) 
ommands in: man e
asound-iam(3)15



0.7. USING N-CHAINS Contents

As you 
an see, the audio input �ddle.wav has been added tho the �rst 
hain of the
hain list, Chain 0. Chain 0 has an audio input atta
hed to it, whi
h is indi
ated by theyellowish �I� in the i 
olumn of the Header. The Info �eld also shows the audio inputname �ddle.wav.But something else has happened: If you look at the Length 
olumn, you see that N-Chains automati
ally re
al
ulated Chain 0's duration to 337.340. Also, the 
urrent valuesof Playat (0.000) and Sele
t (0.000) are displayed.Further more, the transport information (the blue line right above the Footer) has beenupdated. It shows now the 
urrent postion 0.000 and the new 
hain setup length, whi
his 337.340, being equivalent to Chain 0's duration be
ause of our single audio input.Now that the audio input is beeing added, it sure would be ni
e to see a des
riptive namefor the 
hain instead of Chain 0. This leads us to the next use 
ase of0.7.2 Setting the Chain NameIn E
asound, setting the name of a 
hain is done with the �-a� option. So a good 
hoi
ewould be to just type �a� to 
hange a 
hain's name from within N-Chains. Well folks,this is exa
tly the way it is done:

16



0.7. USING N-CHAINS ContentsAfter having pressed the �a�-key, you will be prompted for the new 
hain name as indi-
ated by the red arrow. Write down the new name and press <Return>:

A 
hain name 
an be up to 20 
hara
ters in N-Chains.0.7.3 Playat, Sele
t, LengthPlayat, Sele
t, Length and their usage and des
ription of re
al
ulation

17



0.8. SHORTCUTS Contents0.8 Short
utsShort
uts of the main interfa
eA
tion Key CommentSet visual 
hain name aAdd or set the audioinput for the 
urrent
hain iAdd or set the audiooutput for the
urrent 
hain oToggle muting statefor the 
urrent 
hain mToggle solo state forthe 
urrent 
hain sToggle 
hannel 
opymode for the 
urrent
hain 
Set 
hain volume v Corresponds toe
asound 
hainoperator ea. Keys:up/down, 1..0,<ENTER> to
ommitSet 
hain panning p Corresponds toe
asound 
hainoperator epp. Keys:left/right, l, r, 
, 1..0,<ENTER> to
ommitSet playat position P Numeri
al value, inse
.ms ex: 35.574,ESC to abortSet sele
t o�set C Numeri
al value, inse
.ms ex: 35.574,ESC to abortSet input length L Numeri
al value, inse
.ms ex: 35.574,ESC to abortQuit N-Chains q At present, quitswithout any question
18
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0.9. HOW N-CHAINS TALKS TO ECASOUND0.9 How N-Chains talks to E
asoundThis 
hapter is a pure list of too te
hni
al issues that are interesting but not ne
essaryfor the user guide 
hapter.Note, that the 
hain names used by N-Chains are virtual 
hain names whi
h do not
orrespond to the 
hain names used by e
asound. Internally, the 
hains used within thee
asound session are named 
hain_0, 
hain_1 .. 
hain_N.
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0.10. RELEASE VERSION CYCLE0.10 Release Version Cy
le0.10.1 Release VersionsThe naming of N-Chains release versions follow 
ertain 
onventions whi
h are des
ribedin this 
hapter. The several �elds of a release pa
kage give you information of the state ofthe software pa
kage distributed with the 
urrent release. The following release versionsexist within the 
y
le:1. Optional Pre-Unstable Rreleasesa) n
hains-A.B.C-pre-NNN, with C != 0 and N >= 1 as
ending.2. Unstablea) n
hains-A.B.C, with C != 03. Optional Release Candidatesa) n
hains-A.B.C-r
-NNN, with C == 0 and N >= 1 as
ending4. Stablea) n
hains-A.B.C-stable with C == 00.10.2 Version NumberingThe version numbers A, B and C as well as NNN of the distribution pa
kages are in
re-mented as follows:A Major release number, in
remented upon basi
 
hanges within
• data stru
ture
• the appli
ation stru
ture
• the look and feel
• et
, for example possible major e
asound 
hangesB The minor release number is in
remented, when it is time for a stable release and areasonable number of bugs have been �xed and features have been implemented.C is the revision release number, whi
h is in
remented on every unstable release.NNN If any of the optional releases o

ur, either pre-releases for the next unstable releaseor r
-releases for the next stable release, they will be appended a revision releasein
rementor.
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0.11. GNU FREE DOCUMENTATION LICENSE0.11 GNU Free Do
umentation Li
enseGNU Free Do
umentation Li
ense Version 1.3, 3 November 2008Copyright (C) 2000, 2001, 2002, 2007, 2008 Free Software Foundation, In
. <http://fsf.org/>Everyone is permitted to 
opy and distribute verbatim 
opies of this li
ense do
ument,but 
hanging it is not allowed.0. PREAMBLEThe purpose of this Li
ense is to make a manual, textbook, or other fun
tional and usefuldo
ument "free" in the sense of freedom: to assure everyone the e�e
tive freedom to 
opyand redistribute it, with or without modifying it, either 
ommer
ially or non
ommer
ially.Se
ondarily, this Li
ense preserves for the author and publisher a way to get 
redit fortheir work, while not being 
onsidered responsible for modi�
ations made by others.This Li
ense is a kind of "
opyleft", whi
h means that derivative works of the do
umentmust themselves be free in the same sense. It 
omplements the GNU General Publi
Li
ense, whi
h is a 
opyleft li
ense designed for free software.We have designed this Li
ense in order to use it for manuals for free software, be
ause freesoftware needs free do
umentation: a free program should 
ome with manuals providingthe same freedoms that the software does. But this Li
ense is not limited to softwaremanuals; it 
an be used for any textual work, regardless of subje
t matter or whether itis published as a printed book. We re
ommend this Li
ense prin
ipally for works whosepurpose is instru
tion or referen
e.1. APPLICABILITY AND DEFINITIONSThis Li
ense applies to any manual or other work, in any medium, that 
ontains a noti
epla
ed by the 
opyright holder saying it 
an be distributed under the terms of this Li
ense.Su
h a noti
e grants a world-wide, royalty-free li
ense, unlimited in duration, to use thatwork under the 
onditions stated herein. The "Do
ument", below, refers to any su
hmanual or work. Any member of the publi
 is a li
ensee, and is addressed as "you". Youa

ept the li
ense if you 
opy, modify or distribute the work in a way requiring permissionunder 
opyright law.A "Modi�ed Version" of the Do
ument means any work 
ontaining the Do
ument or aportion of it, either 
opied verbatim, or with modi�
ations and/or translated into anotherlanguage.A "Se
ondary Se
tion" is a named appendix or a front-matter se
tion of the Do
umentthat deals ex
lusively with the relationship of the publishers or authors of the Do
umentto the Do
ument's overall subje
t (or to related matters) and 
ontains nothing that 
ouldfall dire
tly within that overall subje
t. (Thus, if the Do
ument is in part a textbook ofmathemati
s, a Se
ondary Se
tion may not explain any mathemati
s.) The relationship
ould be a matter of histori
al 
onne
tion with the subje
t or with related matters, orof legal, 
ommer
ial, philosophi
al, ethi
al or politi
al position regarding them.23



0.11. GNU FREE DOCUMENTATION LICENSEThe "Invariant Se
tions" are 
ertain Se
ondary Se
tions whose titles are designated, asbeing those of Invariant Se
tions, in the noti
e that says that the Do
ument is releasedunder this Li
ense. If a se
tion does not �t the above de�nition of Se
ondary then it isnot allowed to be designated as Invariant. The Do
ument may 
ontain zero InvariantSe
tions. If the Do
ument does not identify any Invariant Se
tions then there are none.The "Cover Texts" are 
ertain short passages of text that are listed, as Front-Cover Textsor Ba
k-Cover Texts, in the noti
e that says that the Do
ument is released under thisLi
ense. A Front-Cover Text may be at most 5 words, and a Ba
k-Cover Text may beat most 25 words.A "Transparent" 
opy of the Do
ument means a ma
hine-readable 
opy, represented in aformat whose spe
i�
ation is available to the general publi
, that is suitable for revisingthe do
ument straightforwardly with generi
 text editors or (for images 
omposed of pix-els) generi
 paint programs or (for drawings) some widely available drawing editor, andthat is suitable for input to text formatters or for automati
 translation to a variety offormats suitable for input to text formatters. A 
opy made in an otherwise Transparent�le format whose markup, or absen
e of markup, has been arranged to thwart or dis-
ourage subsequent modi�
ation by readers is not Transparent. An image format is notTransparent if used for any substantial amount of text. A 
opy that is not "Transparent"is 
alled "Opaque".Examples of suitable formats for Transparent 
opies in
lude plain ASCII without markup,Texinfo input format, LATEX input format, SGML or XML using a publi
ly availableDTD, and standard-
onforming simple HTML, PostS
ript or PDF designed for humanmodi�
ation. Examples of transparent image formats in
lude PNG, XCF and JPG.Opaque formats in
lude proprietary formats that 
an be read and edited only by propri-etary word pro
essors, SGML or XML for whi
h the DTD and/or pro
essing tools arenot generally available, and the ma
hine-generated HTML, PostS
ript or PDF produ
edby some word pro
essors for output purposes only.The "Title Page" means, for a printed book, the title page itself, plus su
h followingpages as are needed to hold, legibly, the material this Li
ense requires to appear in thetitle page. For works in formats whi
h do not have any title page as su
h, "Title Page"means the text near the most prominent appearan
e of the work's title, pre
eding thebeginning of the body of the text.The "publisher" means any person or entity that distributes 
opies of the Do
ument tothe publi
.A se
tion "Entitled XYZ" means a named subunit of the Do
ument whose title eitheris pre
isely XYZ or 
ontains XYZ in parentheses following text that translates XYZ inanother language. (Here XYZ stands for a spe
i�
 se
tion name mentioned below, su
has "A
knowledgements", "Dedi
ations", "Endorsements", or "History".) To "Preservethe Title" of su
h a se
tion when you modify the Do
ument means that it remains ase
tion "Entitled XYZ" a

ording to this de�nition.The Do
ument may in
lude Warranty Dis
laimers next to the noti
e whi
h states that24



0.11. GNU FREE DOCUMENTATION LICENSEthis Li
ense applies to the Do
ument. These Warranty Dis
laimers are 
onsidered to bein
luded by referen
e in this Li
ense, but only as regards dis
laiming warranties: anyother impli
ation that these Warranty Dis
laimers may have is void and has no e�e
t onthe meaning of this Li
ense.2. VERBATIM COPYINGYou may 
opy and distribute the Do
ument in any medium, either 
ommer
ially ornon
ommer
ially, provided that this Li
ense, the 
opyright noti
es, and the li
ense noti
esaying this Li
ense applies to the Do
ument are reprodu
ed in all 
opies, and that youadd no other 
onditions whatsoever to those of this Li
ense. You may not use te
hni
almeasures to obstru
t or 
ontrol the reading or further 
opying of the 
opies you makeor distribute. However, you may a

ept 
ompensation in ex
hange for 
opies. If youdistribute a large enough number of 
opies you must also follow the 
onditions in se
tion3.You may also lend 
opies, under the same 
onditions stated above, and you may publi
lydisplay 
opies.3. COPYING IN QUANTITYIf you publish printed 
opies (or 
opies in media that 
ommonly have printed 
overs) ofthe Do
ument, numbering more than 100, and the Do
ument's li
ense noti
e requiresCover Texts, you must en
lose the 
opies in 
overs that 
arry, 
learly and legibly, allthese Cover Texts: Front-Cover Texts on the front 
over, and Ba
k-Cover Texts on theba
k 
over. Both 
overs must also 
learly and legibly identify you as the publisher ofthese 
opies. The front 
over must present the full title with all words of the title equallyprominent and visible. You may add other material on the 
overs in addition. Copyingwith 
hanges limited to the 
overs, as long as they preserve the title of the Do
umentand satisfy these 
onditions, 
an be treated as verbatim 
opying in other respe
ts.If the required texts for either 
over are too voluminous to �t legibly, you should put the�rst ones listed (as many as �t reasonably) on the a
tual 
over, and 
ontinue the restonto adja
ent pages.If you publish or distribute Opaque 
opies of the Do
ument numbering more than 100,you must either in
lude a ma
hine-readable Transparent 
opy along with ea
h Opaque
opy, or state in or with ea
h Opaque 
opy a 
omputer-network lo
ation from whi
hthe general network-using publi
 has a

ess to download using publi
-standard networkproto
ols a 
omplete Transparent 
opy of the Do
ument, free of added material. Ifyou use the latter option, you must take reasonably prudent steps, when you begindistribution of Opaque 
opies in quantity, to ensure that this Transparent 
opy willremain thus a

essible at the stated lo
ation until at least one year after the last timeyou distribute an Opaque 
opy (dire
tly or through your agents or retailers) of thatedition to the publi
.It is requested, but not required, that you 
onta
t the authors of the Do
ument wellbefore redistributing any large number of 
opies, to give them a 
han
e to provide youwith an updated version of the Do
ument.25



0.11. GNU FREE DOCUMENTATION LICENSE4. MODIFICATIONSYou may 
opy and distribute a Modi�ed Version of the Do
ument under the 
onditionsof se
tions 2 and 3 above, provided that you release the Modi�ed Version under pre
iselythis Li
ense, with the Modi�ed Version �lling the role of the Do
ument, thus li
ensingdistribution and modi�
ation of the Modi�ed Version to whoever possesses a 
opy of it.In addition, you must do these things in the Modi�ed Version:A. Use in the Title Page (and on the 
overs, if any) a title distin
t from that of theDo
ument, and from those of previous versions (whi
h should, if there were any, be listedin the History se
tion of the Do
ument). You may use the same title as a previous versionif the original publisher of that version gives permission. B. List on the Title Page, asauthors, one or more persons or entities responsible for authorship of the modi�
ations inthe Modi�ed Version, together with at least �ve of the prin
ipal authors of the Do
ument(all of its prin
ipal authors, if it has fewer than �ve), unless they release you from thisrequirement. C. State on the Title page the name of the publisher of the Modi�edVersion, as the publisher. D. Preserve all the 
opyright noti
es of the Do
ument. E. Addan appropriate 
opyright noti
e for your modi�
ations adja
ent to the other 
opyrightnoti
es. F. In
lude, immediately after the 
opyright noti
es, a li
ense noti
e giving thepubli
 permission to use the Modi�ed Version under the terms of this Li
ense, in theform shown in the Addendum below. G. Preserve in that li
ense noti
e the full lists ofInvariant Se
tions and required Cover Texts given in the Do
ument's li
ense noti
e. H.In
lude an unaltered 
opy of this Li
ense. I. Preserve the se
tion Entitled "History",Preserve its Title, and add to it an item stating at least the title, year, new authors,and publisher of the Modi�ed Version as given on the Title Page. If there is no se
tionEntitled "History" in the Do
ument, 
reate one stating the title, year, authors, andpublisher of the Do
ument as given on its Title Page, then add an item des
ribing theModi�ed Version as stated in the previous senten
e. J. Preserve the network lo
ation, ifany, given in the Do
ument for publi
 a

ess to a Transparent 
opy of the Do
ument, andlikewise the network lo
ations given in the Do
ument for previous versions it was basedon. These may be pla
ed in the "History" se
tion. You may omit a network lo
ationfor a work that was published at least four years before the Do
ument itself, or if theoriginal publisher of the version it refers to gives permission. K. For any se
tion Entitled"A
knowledgements" or "Dedi
ations", Preserve the Title of the se
tion, and preservein the se
tion all the substan
e and tone of ea
h of the 
ontributor a
knowledgementsand/or dedi
ations given therein. L. Preserve all the Invariant Se
tions of the Do
ument,unaltered in their text and in their titles. Se
tion numbers or the equivalent are not
onsidered part of the se
tion titles. M. Delete any se
tion Entitled "Endorsements".Su
h a se
tion may not be in
luded in the Modi�ed Version. N. Do not retitle anyexisting se
tion to be Entitled "Endorsements" or to 
on�i
t in title with any InvariantSe
tion. O. Preserve any Warranty Dis
laimers.If the Modi�ed Version in
ludes new front-matter se
tions or appendi
es that qualify asSe
ondary Se
tions and 
ontain no material 
opied from the Do
ument, you may at youroption designate some or all of these se
tions as invariant. To do this, add their titles tothe list of Invariant Se
tions in the Modi�ed Version's li
ense noti
e. These titles must26



0.11. GNU FREE DOCUMENTATION LICENSEbe distin
t from any other se
tion titles.You may add a se
tion Entitled "Endorsements", provided it 
ontains nothing but en-dorsements of your Modi�ed Version by various parties�for example, statements of peerreview or that the text has been approved by an organization as the authoritative de�-nition of a standard.You may add a passage of up to �ve words as a Front-Cover Text, and a passage of upto 25 words as a Ba
k-Cover Text, to the end of the list of Cover Texts in the Modi�edVersion. Only one passage of Front-Cover Text and one of Ba
k-Cover Text may beadded by (or through arrangements made by) any one entity. If the Do
ument alreadyin
ludes a 
over text for the same 
over, previously added by you or by arrangementmade by the same entity you are a
ting on behalf of, you may not add another; but youmay repla
e the old one, on expli
it permission from the previous publisher that addedthe old one.The author(s) and publisher(s) of the Do
ument do not by this Li
ense give permissionto use their names for publi
ity for or to assert or imply endorsement of any Modi�edVersion.5. COMBINING DOCUMENTSYou may 
ombine the Do
ument with other do
uments released under this Li
ense, underthe terms de�ned in se
tion 4 above for modi�ed versions, provided that you in
lude inthe 
ombination all of the Invariant Se
tions of all of the original do
uments, unmodi�ed,and list them all as Invariant Se
tions of your 
ombined work in its li
ense noti
e, andthat you preserve all their Warranty Dis
laimers.The 
ombined work need only 
ontain one 
opy of this Li
ense, and multiple identi
alInvariant Se
tions may be repla
ed with a single 
opy. If there are multiple InvariantSe
tions with the same name but di�erent 
ontents, make the title of ea
h su
h se
tionunique by adding at the end of it, in parentheses, the name of the original author orpublisher of that se
tion if known, or else a unique number. Make the same adjustmentto the se
tion titles in the list of Invariant Se
tions in the li
ense noti
e of the 
ombinedwork.In the 
ombination, you must 
ombine any se
tions Entitled "History" in the variousoriginal do
uments, forming one se
tion Entitled "History"; likewise 
ombine any se
tionsEntitled "A
knowledgements", and any se
tions Entitled "Dedi
ations". You must deleteall se
tions Entitled "Endorsements".6. COLLECTIONS OF DOCUMENTSYou may make a 
olle
tion 
onsisting of the Do
ument and other do
uments releasedunder this Li
ense, and repla
e the individual 
opies of this Li
ense in the various do
u-ments with a single 
opy that is in
luded in the 
olle
tion, provided that you follow therules of this Li
ense for verbatim 
opying of ea
h of the do
uments in all other respe
ts.You may extra
t a single do
ument from su
h a 
olle
tion, and distribute it individuallyunder this Li
ense, provided you insert a 
opy of this Li
ense into the extra
ted do
ument,and follow this Li
ense in all other respe
ts regarding verbatim 
opying of that do
ument.27



0.11. GNU FREE DOCUMENTATION LICENSE7. AGGREGATION WITH INDEPENDENT WORKSA 
ompilation of the Do
ument or its derivatives with other separate and independentdo
uments or works, in or on a volume of a storage or distribution medium, is 
alled an"aggregate" if the 
opyright resulting from the 
ompilation is not used to limit the legalrights of the 
ompilation's users beyond what the individual works permit. When theDo
ument is in
luded in an aggregate, this Li
ense does not apply to the other works inthe aggregate whi
h are not themselves derivative works of the Do
ument.If the Cover Text requirement of se
tion 3 is appli
able to these 
opies of the Do
ument,then if the Do
ument is less than one half of the entire aggregate, the Do
ument's CoverTexts may be pla
ed on 
overs that bra
ket the Do
ument within the aggregate, or theele
troni
 equivalent of 
overs if the Do
ument is in ele
troni
 form. Otherwise theymust appear on printed 
overs that bra
ket the whole aggregate.8. TRANSLATIONTranslation is 
onsidered a kind of modi�
ation, so you may distribute translations of theDo
ument under the terms of se
tion 4. Repla
ing Invariant Se
tions with translationsrequires spe
ial permission from their 
opyright holders, but you may in
lude translationsof some or all Invariant Se
tions in addition to the original versions of these InvariantSe
tions. You may in
lude a translation of this Li
ense, and all the li
ense noti
es in theDo
ument, and any Warranty Dis
laimers, provided that you also in
lude the originalEnglish version of this Li
ense and the original versions of those noti
es and dis
laimers.In 
ase of a disagreement between the translation and the original version of this Li
enseor a noti
e or dis
laimer, the original version will prevail.If a se
tion in the Do
ument is Entitled "A
knowledgements", "Dedi
ations", or "His-tory", the requirement (se
tion 4) to Preserve its Title (se
tion 1) will typi
ally require
hanging the a
tual title.9. TERMINATIONYou may not 
opy, modify, subli
ense, or distribute the Do
ument ex
ept as expresslyprovided under this Li
ense. Any attempt otherwise to 
opy, modify, subli
ense, ordistribute it is void, and will automati
ally terminate your rights under this Li
ense.However, if you 
ease all violation of this Li
ense, then your li
ense from a parti
ular
opyright holder is reinstated (a) provisionally, unless and until the 
opyright holderexpli
itly and �nally terminates your li
ense, and (b) permanently, if the 
opyright holderfails to notify you of the violation by some reasonable means prior to 60 days after the
essation.Moreover, your li
ense from a parti
ular 
opyright holder is reinstated permanently ifthe 
opyright holder noti�es you of the violation by some reasonable means, this is the�rst time you have re
eived noti
e of violation of this Li
ense (for any work) from that
opyright holder, and you 
ure the violation prior to 30 days after your re
eipt of thenoti
e.
28



0.11. GNU FREE DOCUMENTATION LICENSETermination of your rights under this se
tion does not terminate the li
enses of partieswho have re
eived 
opies or rights from you under this Li
ense. If your rights have beenterminated and not permanently reinstated, re
eipt of a 
opy of some or all of the samematerial does not give you any rights to use it.10. FUTURE REVISIONS OF THIS LICENSEThe Free Software Foundation may publish new, revised versions of the GNU Free Do
-umentation Li
ense from time to time. Su
h new versions will be similar in spirit tothe present version, but may di�er in detail to address new problems or 
on
erns. Seehttp://www.gnu.org/
opyleft/.Ea
h version of the Li
ense is given a distinguishing version number. If the Do
umentspe
i�es that a parti
ular numbered version of this Li
ense "or any later version" appliesto it, you have the option of following the terms and 
onditions either of that spe
i�edversion or of any later version that has been published (not as a draft) by the Free Soft-ware Foundation. If the Do
ument does not spe
ify a version number of this Li
ense, youmay 
hoose any version ever published (not as a draft) by the Free Software Foundation.If the Do
ument spe
i�es that a proxy 
an de
ide whi
h future versions of this Li
ense 
anbe used, that proxy's publi
 statement of a

eptan
e of a version permanently authorizesyou to 
hoose that version for the Do
ument.11. RELICENSING"Massive Multiauthor Collaboration Site" (or "MMC Site") means any World WideWeb server that publishes 
opyrightable works and also provides prominent fa
ilities foranybody to edit those works. A publi
 wiki that anybody 
an edit is an example ofsu
h a server. A "Massive Multiauthor Collaboration" (or "MMC") 
ontained in the sitemeans any set of 
opyrightable works thus published on the MMC site."CC-BY-SA" means the Creative Commons Attribution-Share Alike 3.0 li
ense publishedby Creative Commons Corporation, a not-for-pro�t 
orporation with a prin
ipal pla
e ofbusiness in San Fran
is
o, California, as well as future 
opyleft versions of that li
ensepublished by that same organization."In
orporate" means to publish or republish a Do
ument, in whole or in part, as part ofanother Do
ument.An MMC is "eligible for reli
ensing" if it is li
ensed under this Li
ense, and if all worksthat were �rst published under this Li
ense somewhere other than this MMC, and sub-sequently in
orporated in whole or in part into the MMC, (1) had no 
over texts orinvariant se
tions, and (2) were thus in
orporated prior to November 1, 2008.The operator of an MMC Site may republish an MMC 
ontained in the site under CC-BY-SA on the same site at any time before August 1, 2009, provided the MMC is eligiblefor reli
ensing.ADDENDUM: How to use this Li
ense for your do
umentsTo use this Li
ense in a do
ument you have written, in
lude a 
opy of the Li
ense in thedo
ument and put the following 
opyright and li
ense noti
es just after the title page:29



0.11. GNU FREE DOCUMENTATION LICENSECopyright (
) YEAR YOUR NAME. Permission is granted to 
opy, distribute and/ormodify this do
ument under the terms of the GNU Free Do
umentation Li
ense, Version1.3 or any later version published by the Free Software Foundation; with no InvariantSe
tions, no Front-Cover Texts, and no Ba
k-Cover Texts. A 
opy of the li
ense isin
luded in the se
tion entitled "GNU Free Do
umentation Li
ense".If you have Invariant Se
tions, Front-Cover Texts and Ba
k-Cover Texts, repla
e the"with...Texts." line with this:with the Invariant Se
tions being LIST THEIR TITLES, with the Front-Cover Textsbeing LIST, and with the Ba
k-Cover Texts being LIST.If you have Invariant Se
tions without Cover Texts, or some other 
ombination of thethree, merge those two alternatives to suit the situation.If your do
ument 
ontains nontrivial examples of program 
ode, we re
ommend releasingthese examples in parallel under your 
hoi
e of free software li
ense, su
h as the GNUGeneral Publi
 Li
ense, to permit their use in free software.
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