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0.1. COPYRIGHT0.1 COPYRIGHTCopyright () 2009 Nils Doormann. Permission is granted to opy, distribute and/ormodify this doument under the terms of the GNU Free Doumentation Liense, Version1.3 or any later version published by the Free Software Foundation; with no InvariantSetions, no Front-Cover Texts, and no Bak-Cover Texts. A opy of the liense isinluded in the setion entitled �GNU-Free-Doumentation� on page 23.
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0.2. INTRODUCTION Contents0.2 IntrodutionWelome to the N-Chains User Guide.Bak in the days of 1995, when I moved from my student appartment to a fatory �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 inluded with the SoundBlaster AWE 32 ard pakage. Although I didn't reallyhave a lue of all the features of Samplitude muh less of the work�ows of sound editingin general, I felt the wish to be able to have in�uene on some features within the soundediting environment on my mahine. 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. Beause of several irumstanes I ame aross Linuxand the GNU build system, whih gave me an idea of how to unfold. However, yearspassed by and I disovered Easound. 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 basially use Easound from ommand line embedded in a shell sript, whih worksperfetly for me. The fat, that there is no real time ontrol of e�et parameters doesn'treally hurt, in fat, it fores me to think twie about the meaning of a parameter hangeand instead onentrate on listening to the mixing sound. Anyway, there are still useases left like, for instane, solo-ing a hain - whih basially means to mute all otherhains - that need little workaround or make some real-time ontrol helpful: From withinmy shell sript 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 projet with more than, say 4 hains. Well, thereare other use ases as well, like realulating snippet o�sets or the like. I started thinkingabout a handy tool to ompensate all these use ases, so this is why I deided to startdeveloping N-Chains. Its featureset is totally driven by personal motivation and by nomeans perfet 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. Ihose the urses environment, beause I like it and I like the thought of using the mahinefor audio data proessing when audio proessing instead of image data proessing whendoing audio proessing. You might agree or not.This book is intended to make you familiar with N-Chains for using it as a sound proess-ing environment. If you like Easound or Linux or the terminal look-and-feel, this mightbe something for you. If you are a developer and interested in extending the funtional-ity of N-Chains, please have a look at the README �le that omes with the softwarepakage or go to http://nhains.soureforge.net or ontat me via e-mail or subsribe tothe N-Chains mailing list to disuss your suggestion.This book is still under ontrution and is far from being perfet. If you would liketo ontribute, please go to http://nhains.soureforge.net and read the infos within thedoumentation setion. 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 proessingenvironment Easound1. The development of N-Chains is intended to o�er you somereal-time and intuitive easy-to-use apabilities while following the onepts of Easound.It aims to be a slim appliation that an be ontrolled by simple keyboard shortutswithout the overhead of graphial representation.To get an idea of what this means in pratie, have a look at the following example.While a hain set up on ommand line would basially look like this:-a:myhain -i:input.wav -o:alsathe ommands to hange the input and output of a hain in N-Chains would be typingin �i�, for speifying a new audio input for the urrent seleted hain and �o� for a newaudio output devie respetively. To alter the hain name, one would type �a�, beause�-a� is the parameter spei�er for the hain name in easound 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 loator list. Just say �P� forplayat and type in your o�set, �C� for selet and �D� for the duration of your snippetand the typed in positions of the hain will be updated.0.3.1 Implementation Conept0.3.1.1 The Di�erene between Traks and ChainsThere exist no �traks�, beause this isn't Cubase or Logi, but an Easound frontend,so what we deal with is �hains�. This is important, beause the main di�erene withinan audio sequening program like Cubase or similar is, that you an have more than onevirtual audio input (or snippet) per trak. This onept isn't true for Easound, beauseyou always have one audio input and one audio output onneted to a hain. Now, whenimplementing an easound lient, you have to deide wether to
• reate an objet that maps several hains on a virtual �trak�, or
• simply extend hains to some sort of traks with help of metadata
• implement some other sophistiated workaroundTo me, all of the above seems doesn't seem very e�etive, so I deided to purly adoptthe onept of dealing with hains Easound 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 doument refers to release version 0.0.1-pre-004 of N-Chains,1Easound is available at http://easound.soureforge.net/easound/5



0.3. ABOUT N-CHAINS Contentsfuture releases of N-Chains will have improved funtionality, so if you have anotherprogram version than the one this book refers to, you are strongly advised to get yourselfan appropriate doumentation release.0.3.3 Obtaining DoumetationThis book is part of the o�ial N-Chains release, so you might �nd the appropriatedoumentation within the do subdiretory of your downloaded nhains release pakage.If not, take a look at http://nhains.soureforge.net for the orret 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://soureforge.net/projets/nhains whih is theN-Chains projet 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�nhains.vs.soureforge.net:/vsroot/nhains \hekout -P nhains0.4.2 RequirementsYou need a working build system on your mahine (like g and friends). You also needthe nurses installed. Audio libraries or similar features that an be enabled duringompilation of easound suh as alsa, oss, jak or whatever relate either to the Easoundompilation proess or usage of Easound and are not neessary to ompile N-Chains.2To run N-Chains as an Easound lient, you will need Easound >= 2.6.0. You an typeeasound --version in order to determine whih version of easound you have.0.4.3 InstallationIn order to install N-Chains from soure, download the latest pakage available fromhttp://nhains.soureforge.net. See setion Getting N-Chains on the urrent page fordetails.Unpak the downloaded pakage to a loation of your hoie as follows the usual way:gunzip < nhains-0.0.1-pre-004.tar.gz |tar -xf -Then, hange into the nhains diretory:d nhains-0.0.1-pre-004Follow the instrutions from the INSTALL �le. The typial installation proedure wouldbe:./onfiguremakesu (to root)make installThat should be it.2In fat, even easound itself isn't neessary to ompile N-Chains :o)7



0.4. DOWNLOAD AND INSTALLATION Contents0.4.4 Problems during installationIf you enounter problems during the installation proess, depending on the proessstate, 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-ChainsEasound o�ers the apability to run as a tp server. N-Chains, on the other hand,ats as a lient appliation to a running server instane of Easound. This implies thatthere must be an Easound server running that N-Chains an onnet to, whih an beahieved in serveral ways as desribed in the following paragraphs.0.5.1 Ways to Start UpYou an either start an Easound server instane by hand on ommandline and then letN-Chains onnet to, or you an initialize a server startup during N-Chains startup. Thelatter is preferred while working on a loal mahine. However, we will show both startupmethods. Sine N-Chains version 0.0.1-pre-002, the initialization of Easound as a serverthrough N-Chains is possible. In earlier versions you'll have to start the Easound serverby hand.To start an Easound server instane during N-Chains startup use the -s option of N-Chains:nhains -sTo start Easound as a server by hand, type:easound --server -KEasound will now listen to onnetions on its default tp port 2868. You an wath theserver instane running with the ommand �netstat -tuneap�. It should output a line likethis: Proto Rev-Q Send-Q Loal Address Foreign Address State User Inode PID/Program Nametp 0 0 0.0.0.0:2868 0.0.0.0:* LISTEN 1000 15447 4659/easoundAs you an see, the Easound server uses the TCP protool, it is in state LISTEN, whihmeans, it waits for onnetions on port 2868 (Loal Address olumn).Now, we an start N-Chains without any parameters, beause the default is to onneton port 2868 on loalhost, the host and port our Easound server instane is urrentlyrunning on. To start N-Chains, open another terminal window and type:/usr/loal/bin/nhainswhih will start nhains 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/loal/bin/nhains -hThis will output a list of all ommandline options available for N-Chains:- <sname>Work on hain setup name sname. [nhains℄-d Turn debugging on. [no℄-h Display a short help message and exit.-H <host>The host name where the easound server runs on and nhains should onnet to.This option is ignored when -s is spei�ed. [loalhost℄-n <num>Set the number of hains for the new projet.-p <port>The port where nhains should onnet to. [2868℄-s Try starting easound server on loal mahine. [no℄
10



0.6. THE USER INTERFACE - AN OVERVIEW Contents0.6 The User Interfae - An OverviewThe user interfae is devided into four main areas of information eah of whih is desribedin detail below:1. The Header2. The Chain List3. The Info4. The Footer0.6.1 The Header

The red-marked area on the piture above is alled the Header. Its main purpose isrepresenting some sort of olumn headline. The meaning of eah olumn �eld is desribedbelow, information about their spei� usage an be found in the next subsetion.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 attahed to it, a yellow �I� willappear, similarly to the �eld right ahead, �o�, whih stands for audio output.o The audio output. In the example above the green �O� indiates that there is anaudio aoutput attahed to eah hain.M The hain muting state. A white �M� on red bakground (as above) indiates thatthe hain is muted indiretly, beause of the Solo-State of the �rst hain (FIDDLE).If a hain is muted diretly 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, indiated by a blue �X�), the hain operator hopy:1,2is ativatd on the spei� hain.v Volume setting, equals to -ea hain operator of Easound.p Panning. This value in�uenes 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 setion Playat, Selet,Length on page 17 for details on how these values are realulated on manualhanges.SeletThis is the start-time value of the selet feature of an audio input4. See setionPlayat, Selet, Length on page 17 for details on how these values are realulatedon manual hanges.LengthThis is the duration value from the above said. See setion Playat, Selet, Lengthon page 17 for details on how these values are realulated on manual hanges.

3Taken from the easound (1) manpage:To play an audio objet 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 reahes "play-at-time". Thetime values should be given as seonds (e.g. "2.25", or as samples (e.g. "25000sa"). Pa-rameters 2...N are passed as is to the hild objet.4Taken from the easound (1) manpage:To selet and use only a spei� segment of an audio objet, the -i:selet, 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 seonds (e.g. "2.25", or as samples (e.g."25000sa"). Parameters 4...N are passed as is to the hild objet.12



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

The marked area on the piure above shows the hain list. We have three hains inour projet, named FIDDLE, GUITAR and BODHRAN. The FIDDLE hain is set tosolo, whih is indiated 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 piture:

It displays various information on the urrent seleted hain (hain FIDDLE, in this ase)suh as the hain name (FIDDLE), the attahed audio input (null), the attahed audiooutput (alsa) as well as its internal index (000). Also in this area, the urrent hain setupposition and overall length in seonds is displayed.
13



0.6. THE USER INTERFACE - AN OVERVIEW Contents0.6.4 The FooterThe last area of the view is alled the Footer, whih is sort of a status and message bar.It gives the user some feedbak on his/her interation. In our example the user has justpressed �S�, whih is the shortut 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 exatly, what the footer says:
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0.7. USING N-CHAINS Contents0.7 Using N-ChainsIf you haven't started Easound in server mode somewhere and if you don't know howto start nhains, yet, read setion Invoking N-Chains on page 9 �rst. Unless mentionedotherwise, we assume an Easound server running on loalhost listening on the defaultport and N-Chains started with the -s option only.When starting N-Chains, it reates a new hain setup alled �nhains-YYYYMMDD-HHMMSS�. Think of this hain setup as your work benh in within Easound. You anspeify a di�erent hain setup name on ommand line using the �-� ommand line swith.By onvention, N-Chains works on a single easound 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 alreadyreorded 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 projet.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, whih an be any ofthe input names that Easound's ommand ai-add understands5. You an now diretlytype 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 interfae with the newly added audio input would look like this:5See the desription of the easound interative mode (iam) ommands in: man easound-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 thehain list, Chain 0. Chain 0 has an audio input attahed to it, whih is indiated 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 automatially realulated Chain 0's duration to 337.340. Also, the urrent valuesof Playat (0.000) and Selet (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, whihis 337.340, being equivalent to Chain 0's duration beause of our single audio input.Now that the audio input is beeing added, it sure would be nie to see a desriptive namefor the hain instead of Chain 0. This leads us to the next use ase of0.7.2 Setting the Chain NameIn Easound, setting the name of a hain is done with the �-a� option. So a good hoiewould be to just type �a� to hange a hain's name from within N-Chains. Well folks,this is exatly the way it is done:
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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 haraters in N-Chains.0.7.3 Playat, Selet, LengthPlayat, Selet, Length and their usage and desription of realulation
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0.8. SHORTCUTS Contents0.8 ShortutsShortuts of the main interfaeAtion Key CommentSet visual hain name aAdd or set the audioinput for the urrenthain iAdd or set the audiooutput for theurrent hain oToggle muting statefor the urrent hain mToggle solo state forthe urrent hain sToggle hannel opymode for the urrenthain Set hain volume v Corresponds toeasound hainoperator ea. Keys:up/down, 1..0,<ENTER> toommitSet hain panning p Corresponds toeasound hainoperator epp. Keys:left/right, l, r, , 1..0,<ENTER> toommitSet playat position P Numerial value, inse.ms ex: 35.574,ESC to abortSet selet o�set C Numerial value, inse.ms ex: 35.574,ESC to abortSet input length L Numerial value, inse.ms ex: 35.574,ESC to abortQuit N-Chains q At present, quitswithout any question
18



N-Chains Internals
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0.9. HOW N-CHAINS TALKS TO ECASOUND0.9 How N-Chains talks to EasoundThis hapter is a pure list of too tehnial issues that are interesting but not neessaryfor the user guide hapter.Note, that the hain names used by N-Chains are virtual hain names whih do notorrespond to the hain names used by easound. Internally, the hains used within theeasound session are named hain_0, hain_1 .. hain_N.
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Around N-Chains
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0.10. RELEASE VERSION CYCLE0.10 Release Version Cyle0.10.1 Release VersionsThe naming of N-Chains release versions follow ertain onventions whih are desribedin this hapter. The several �elds of a release pakage give you information of the state ofthe software pakage distributed with the urrent release. The following release versionsexist within the yle:1. Optional Pre-Unstable Rreleasesa) nhains-A.B.C-pre-NNN, with C != 0 and N >= 1 asending.2. Unstablea) nhains-A.B.C, with C != 03. Optional Release Candidatesa) nhains-A.B.C-r-NNN, with C == 0 and N >= 1 asending4. Stablea) nhains-A.B.C-stable with C == 00.10.2 Version NumberingThe version numbers A, B and C as well as NNN of the distribution pakages are inre-mented as follows:A Major release number, inremented upon basi hanges within
• data struture
• the appliation struture
• the look and feel
• et, for example possible major easound hangesB The minor release number is inremented, 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, whih is inremented on every unstable release.NNN If any of the optional releases our, either pre-releases for the next unstable releaseor r-releases for the next stable release, they will be appended a revision releaseinrementor.
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0.11. GNU FREE DOCUMENTATION LICENSE0.11 GNU Free Doumentation LienseGNU Free Doumentation Liense 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 liense doument,but hanging it is not allowed.0. PREAMBLEThe purpose of this Liense is to make a manual, textbook, or other funtional and usefuldoument "free" in the sense of freedom: to assure everyone the e�etive freedom to opyand redistribute it, with or without modifying it, either ommerially or nonommerially.Seondarily, this Liense 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 Liense is a kind of "opyleft", whih means that derivative works of the doumentmust themselves be free in the same sense. It omplements the GNU General PubliLiense, whih is a opyleft liense designed for free software.We have designed this Liense in order to use it for manuals for free software, beause freesoftware needs free doumentation: a free program should ome with manuals providingthe same freedoms that the software does. But this Liense is not limited to softwaremanuals; it an be used for any textual work, regardless of subjet matter or whether itis published as a printed book. We reommend this Liense prinipally for works whosepurpose is instrution or referene.1. APPLICABILITY AND DEFINITIONSThis Liense applies to any manual or other work, in any medium, that ontains a notieplaed by the opyright holder saying it an be distributed under the terms of this Liense.Suh a notie grants a world-wide, royalty-free liense, unlimited in duration, to use thatwork under the onditions stated herein. The "Doument", below, refers to any suhmanual or work. Any member of the publi is a liensee, and is addressed as "you". Youaept the liense if you opy, modify or distribute the work in a way requiring permissionunder opyright law.A "Modi�ed Version" of the Doument means any work ontaining the Doument or aportion of it, either opied verbatim, or with modi�ations and/or translated into anotherlanguage.A "Seondary Setion" is a named appendix or a front-matter setion of the Doumentthat deals exlusively with the relationship of the publishers or authors of the Doumentto the Doument's overall subjet (or to related matters) and ontains nothing that ouldfall diretly within that overall subjet. (Thus, if the Doument is in part a textbook ofmathematis, a Seondary Setion may not explain any mathematis.) The relationshipould be a matter of historial onnetion with the subjet or with related matters, orof legal, ommerial, philosophial, ethial or politial position regarding them.23



0.11. GNU FREE DOCUMENTATION LICENSEThe "Invariant Setions" are ertain Seondary Setions whose titles are designated, asbeing those of Invariant Setions, in the notie that says that the Doument is releasedunder this Liense. If a setion does not �t the above de�nition of Seondary then it isnot allowed to be designated as Invariant. The Doument may ontain zero InvariantSetions. If the Doument does not identify any Invariant Setions then there are none.The "Cover Texts" are ertain short passages of text that are listed, as Front-Cover Textsor Bak-Cover Texts, in the notie that says that the Doument is released under thisLiense. A Front-Cover Text may be at most 5 words, and a Bak-Cover Text may beat most 25 words.A "Transparent" opy of the Doument means a mahine-readable opy, represented in aformat whose spei�ation is available to the general publi, that is suitable for revisingthe doument 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 absene 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 inlude plain ASCII without markup,Texinfo input format, LATEX input format, SGML or XML using a publily availableDTD, and standard-onforming simple HTML, PostSript or PDF designed for humanmodi�ation. Examples of transparent image formats inlude PNG, XCF and JPG.Opaque formats inlude proprietary formats that an be read and edited only by propri-etary word proessors, SGML or XML for whih the DTD and/or proessing tools arenot generally available, and the mahine-generated HTML, PostSript or PDF produedby some word proessors for output purposes only.The "Title Page" means, for a printed book, the title page itself, plus suh followingpages as are needed to hold, legibly, the material this Liense requires to appear in thetitle page. For works in formats whih do not have any title page as suh, "Title Page"means the text near the most prominent appearane of the work's title, preeding thebeginning of the body of the text.The "publisher" means any person or entity that distributes opies of the Doument tothe publi.A setion "Entitled XYZ" means a named subunit of the Doument whose title eitheris preisely XYZ or ontains XYZ in parentheses following text that translates XYZ inanother language. (Here XYZ stands for a spei� setion name mentioned below, suhas "Aknowledgements", "Dediations", "Endorsements", or "History".) To "Preservethe Title" of suh a setion when you modify the Doument means that it remains asetion "Entitled XYZ" aording to this de�nition.The Doument may inlude Warranty Dislaimers next to the notie whih states that24



0.11. GNU FREE DOCUMENTATION LICENSEthis Liense applies to the Doument. These Warranty Dislaimers are onsidered to beinluded by referene in this Liense, but only as regards dislaiming warranties: anyother impliation that these Warranty Dislaimers may have is void and has no e�et onthe meaning of this Liense.2. VERBATIM COPYINGYou may opy and distribute the Doument in any medium, either ommerially ornonommerially, provided that this Liense, the opyright noties, and the liense notiesaying this Liense applies to the Doument are reprodued in all opies, and that youadd no other onditions whatsoever to those of this Liense. You may not use tehnialmeasures to obstrut or ontrol the reading or further opying of the opies you makeor distribute. However, you may aept ompensation in exhange for opies. If youdistribute a large enough number of opies you must also follow the onditions in setion3.You may also lend opies, under the same onditions stated above, and you may publilydisplay opies.3. COPYING IN QUANTITYIf you publish printed opies (or opies in media that ommonly have printed overs) ofthe Doument, numbering more than 100, and the Doument's liense notie requiresCover Texts, you must enlose the opies in overs that arry, learly and legibly, allthese Cover Texts: Front-Cover Texts on the front over, and Bak-Cover Texts on thebak 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 Doumentand satisfy these onditions, an be treated as verbatim opying in other respets.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 atual over, and ontinue the restonto adjaent pages.If you publish or distribute Opaque opies of the Doument numbering more than 100,you must either inlude a mahine-readable Transparent opy along with eah Opaqueopy, or state in or with eah Opaque opy a omputer-network loation from whihthe general network-using publi has aess to download using publi-standard networkprotools a omplete Transparent opy of the Doument, 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 aessible at the stated loation until at least one year after the last timeyou distribute an Opaque opy (diretly or through your agents or retailers) of thatedition to the publi.It is requested, but not required, that you ontat the authors of the Doument wellbefore redistributing any large number of opies, to give them a hane to provide youwith an updated version of the Doument.25



0.11. GNU FREE DOCUMENTATION LICENSE4. MODIFICATIONSYou may opy and distribute a Modi�ed Version of the Doument under the onditionsof setions 2 and 3 above, provided that you release the Modi�ed Version under preiselythis Liense, with the Modi�ed Version �lling the role of the Doument, thus liensingdistribution 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 distint from that of theDoument, and from those of previous versions (whih should, if there were any, be listedin the History setion of the Doument). 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 prinipal authors of the Doument(all of its prinipal 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 noties of the Doument. E. Addan appropriate opyright notie for your modi�ations adjaent to the other opyrightnoties. F. Inlude, immediately after the opyright noties, a liense notie giving thepubli permission to use the Modi�ed Version under the terms of this Liense, in theform shown in the Addendum below. G. Preserve in that liense notie the full lists ofInvariant Setions and required Cover Texts given in the Doument's liense notie. H.Inlude an unaltered opy of this Liense. I. Preserve the setion 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 setionEntitled "History" in the Doument, reate one stating the title, year, authors, andpublisher of the Doument as given on its Title Page, then add an item desribing theModi�ed Version as stated in the previous sentene. J. Preserve the network loation, ifany, given in the Doument for publi aess to a Transparent opy of the Doument, andlikewise the network loations given in the Doument for previous versions it was basedon. These may be plaed in the "History" setion. You may omit a network loationfor a work that was published at least four years before the Doument itself, or if theoriginal publisher of the version it refers to gives permission. K. For any setion Entitled"Aknowledgements" or "Dediations", Preserve the Title of the setion, and preservein the setion all the substane and tone of eah of the ontributor aknowledgementsand/or dediations given therein. L. Preserve all the Invariant Setions of the Doument,unaltered in their text and in their titles. Setion numbers or the equivalent are notonsidered part of the setion titles. M. Delete any setion Entitled "Endorsements".Suh a setion may not be inluded in the Modi�ed Version. N. Do not retitle anyexisting setion to be Entitled "Endorsements" or to on�it in title with any InvariantSetion. O. Preserve any Warranty Dislaimers.If the Modi�ed Version inludes new front-matter setions or appendies that qualify asSeondary Setions and ontain no material opied from the Doument, you may at youroption designate some or all of these setions as invariant. To do this, add their titles tothe list of Invariant Setions in the Modi�ed Version's liense notie. These titles must26



0.11. GNU FREE DOCUMENTATION LICENSEbe distint from any other setion titles.You may add a setion 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 Bak-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 Bak-Cover Text may beadded by (or through arrangements made by) any one entity. If the Doument alreadyinludes a over text for the same over, previously added by you or by arrangementmade by the same entity you are ating on behalf of, you may not add another; but youmay replae the old one, on expliit permission from the previous publisher that addedthe old one.The author(s) and publisher(s) of the Doument do not by this Liense give permissionto use their names for publiity for or to assert or imply endorsement of any Modi�edVersion.5. COMBINING DOCUMENTSYou may ombine the Doument with other douments released under this Liense, underthe terms de�ned in setion 4 above for modi�ed versions, provided that you inlude inthe ombination all of the Invariant Setions of all of the original douments, unmodi�ed,and list them all as Invariant Setions of your ombined work in its liense notie, andthat you preserve all their Warranty Dislaimers.The ombined work need only ontain one opy of this Liense, and multiple identialInvariant Setions may be replaed with a single opy. If there are multiple InvariantSetions with the same name but di�erent ontents, make the title of eah suh setionunique by adding at the end of it, in parentheses, the name of the original author orpublisher of that setion if known, or else a unique number. Make the same adjustmentto the setion titles in the list of Invariant Setions in the liense notie of the ombinedwork.In the ombination, you must ombine any setions Entitled "History" in the variousoriginal douments, forming one setion Entitled "History"; likewise ombine any setionsEntitled "Aknowledgements", and any setions Entitled "Dediations". You must deleteall setions Entitled "Endorsements".6. COLLECTIONS OF DOCUMENTSYou may make a olletion onsisting of the Doument and other douments releasedunder this Liense, and replae the individual opies of this Liense in the various dou-ments with a single opy that is inluded in the olletion, provided that you follow therules of this Liense for verbatim opying of eah of the douments in all other respets.You may extrat a single doument from suh a olletion, and distribute it individuallyunder this Liense, provided you insert a opy of this Liense into the extrated doument,and follow this Liense in all other respets regarding verbatim opying of that doument.27



0.11. GNU FREE DOCUMENTATION LICENSE7. AGGREGATION WITH INDEPENDENT WORKSA ompilation of the Doument or its derivatives with other separate and independentdouments 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 theDoument is inluded in an aggregate, this Liense does not apply to the other works inthe aggregate whih are not themselves derivative works of the Doument.If the Cover Text requirement of setion 3 is appliable to these opies of the Doument,then if the Doument is less than one half of the entire aggregate, the Doument's CoverTexts may be plaed on overs that braket the Doument within the aggregate, or theeletroni equivalent of overs if the Doument is in eletroni form. Otherwise theymust appear on printed overs that braket the whole aggregate.8. TRANSLATIONTranslation is onsidered a kind of modi�ation, so you may distribute translations of theDoument under the terms of setion 4. Replaing Invariant Setions with translationsrequires speial permission from their opyright holders, but you may inlude translationsof some or all Invariant Setions in addition to the original versions of these InvariantSetions. You may inlude a translation of this Liense, and all the liense noties in theDoument, and any Warranty Dislaimers, provided that you also inlude the originalEnglish version of this Liense and the original versions of those noties and dislaimers.In ase of a disagreement between the translation and the original version of this Lienseor a notie or dislaimer, the original version will prevail.If a setion in the Doument is Entitled "Aknowledgements", "Dediations", or "His-tory", the requirement (setion 4) to Preserve its Title (setion 1) will typially requirehanging the atual title.9. TERMINATIONYou may not opy, modify, subliense, or distribute the Doument exept as expresslyprovided under this Liense. Any attempt otherwise to opy, modify, subliense, ordistribute it is void, and will automatially terminate your rights under this Liense.However, if you ease all violation of this Liense, then your liense from a partiularopyright holder is reinstated (a) provisionally, unless and until the opyright holderexpliitly and �nally terminates your liense, and (b) permanently, if the opyright holderfails to notify you of the violation by some reasonable means prior to 60 days after theessation.Moreover, your liense from a partiular 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 reeived notie of violation of this Liense (for any work) from thatopyright holder, and you ure the violation prior to 30 days after your reeipt of thenotie.
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0.11. GNU FREE DOCUMENTATION LICENSETermination of your rights under this setion does not terminate the lienses of partieswho have reeived opies or rights from you under this Liense. If your rights have beenterminated and not permanently reinstated, reeipt 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 Liense from time to time. Suh new versions will be similar in spirit tothe present version, but may di�er in detail to address new problems or onerns. Seehttp://www.gnu.org/opyleft/.Eah version of the Liense is given a distinguishing version number. If the Doumentspei�es that a partiular numbered version of this Liense "or any later version" appliesto it, you have the option of following the terms and onditions either of that spei�edversion or of any later version that has been published (not as a draft) by the Free Soft-ware Foundation. If the Doument does not speify a version number of this Liense, youmay hoose any version ever published (not as a draft) by the Free Software Foundation.If the Doument spei�es that a proxy an deide whih future versions of this Liense anbe used, that proxy's publi statement of aeptane of a version permanently authorizesyou to hoose that version for the Doument.11. RELICENSING"Massive Multiauthor Collaboration Site" (or "MMC Site") means any World WideWeb server that publishes opyrightable works and also provides prominent failities foranybody to edit those works. A publi wiki that anybody an edit is an example ofsuh 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 liense publishedby Creative Commons Corporation, a not-for-pro�t orporation with a prinipal plae ofbusiness in San Franiso, California, as well as future opyleft versions of that liensepublished by that same organization."Inorporate" means to publish or republish a Doument, in whole or in part, as part ofanother Doument.An MMC is "eligible for reliensing" if it is liensed under this Liense, and if all worksthat were �rst published under this Liense somewhere other than this MMC, and sub-sequently inorporated in whole or in part into the MMC, (1) had no over texts orinvariant setions, and (2) were thus inorporated 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 reliensing.ADDENDUM: How to use this Liense for your doumentsTo use this Liense in a doument you have written, inlude a opy of the Liense in thedoument and put the following opyright and liense noties just after the title page:29



0.11. GNU FREE DOCUMENTATION LICENSECopyright () YEAR YOUR NAME. Permission is granted to opy, distribute and/ormodify this doument under the terms of the GNU Free Doumentation Liense, Version1.3 or any later version published by the Free Software Foundation; with no InvariantSetions, no Front-Cover Texts, and no Bak-Cover Texts. A opy of the liense isinluded in the setion entitled "GNU Free Doumentation Liense".If you have Invariant Setions, Front-Cover Texts and Bak-Cover Texts, replae the"with...Texts." line with this:with the Invariant Setions being LIST THEIR TITLES, with the Front-Cover Textsbeing LIST, and with the Bak-Cover Texts being LIST.If you have Invariant Setions without Cover Texts, or some other ombination of thethree, merge those two alternatives to suit the situation.If your doument ontains nontrivial examples of program ode, we reommend releasingthese examples in parallel under your hoie of free software liense, suh as the GNUGeneral Publi Liense, to permit their use in free software.
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