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Réalisation d’un négatif numérique jet d’encre avec The Gimp 2.6

1 - Introduction

Je vous propose une nouvelle version de l'article "Réalisation d’un négatif numérique
jet d’encre avec The Gimp 2"!. En effet, ce dernier montrait comment produire un
négatif jet-d’encre de facon plutét empirique.

J’ai mis en oeuvre une méthode pour améliorer le rendu final du tirage en fonction du
procédé, du transparent et de I'imprimante. Le principe a été glané sur différents sites
(dont les liens sont en fin d’article), et je les ai adapté a The GIMP?,

Pour réaliser ce didacticiel, j'ai pris comme exemple un procédé photographique facile
a mettre en oeuvre : la cyanotypie. Néanmoins, le principe restera le méme pour
d’autres procédés.

2 - Temps d’exposition de base

Il faut, dans un premier temps, déterminer le temps de pose de base du procédé
utilisé. Pour cela, nous avons besoin d’'une gamme de gris Stouffer de type T2115.

Apres avoir préparé le papier émulsionné, on va I'exposer aux U.V. en sur-exposant et
en faisant chevaucher le transparent (qui sera utilisé pour faire le négatif) sur le bord
de la gamme Stouffer afin de déterminer la quantité de lumiere qu’il absorbe. Apres
"développement", on va lire le résultat comme suit :

« si la densité maxi n’est pas atteinte, il faudra de nouveau faire un test en
augmentant I'exposition

« si on obtient une surexposition, on détermine le patch qui obtient la densité
maxi aussi bien sur la partie directement exposée du papier que sur la partie
avec le transparent. On releve le numéro. Sachant que le passage d’'un pas de la
gamme a un autre équivaut a 1/2 diaphragme, on divisera le temps d’exposition
par la valeur donnée dans le tableau suivant :

lpas | 2pas | 3pas | 4pas | S5pas | 6pas | 7pas | 8pas | 9pas | 10 pas | 11 pas | 12 pas
1,4 2 2,8 4 5,6 8 11 16 22 32 45 64

« et sion adelachance..., on aura un résultat qui ressemble a la vue suivante :

Zohen® 1

Zone gauche 18
directement 19
sur le papier 20l Zone droite

21| chevauchant
le transparent

Dans mon cas, j'ai un temps d’exposition de 45 minutes. J'insole mes tirages avec 5
tubes fluorescents Philips TL 20W/05° a 15 cm sous une glace de 10 mm.
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3 - Détermination de la couleur la plus inactinique

Dans mon approche empirique du sujet, j'étais parti sur le postulat que I'encre
jaune/rouge était logiguement la plus opaque aux U.V.. Apres des tests, le résultat
était correcte, mise a part I'’étendu de la gamme de "gris" qui est en parti relative au
procédé utilisé. On verra plus loin que grace a une courbe de correction adaptée, on
peut améliorer cela.

Mais avant, on doit déterminer la couleur d’encre qui retiendra le mieux la lumiere
U.Vv..

Rentrons dans le vif du sujet. Il va donc falloir faire un premier tirage avec un négatif
qui comportera un ensemble de patchs passant par "toutes les couleurs" et toutes les
saturations. Pour cela, on utilisera une image qui ressemble a cela :

150 165 180 185 210 225 240 255 270 285 300 5 330 345

hitp:iivww.inkjstnagative.com
HESB-RHP-Array X=0-380 Degrees (Hue) ¥=0-400 Brightness (Value] Saturation = 100 percent (Constant)

HSB-Array_8bits_gimp.tif

Ce fichier est téléchargeable, sur mon site*, pour The GIMP. Ce fichier a été converti en
8 bits et embarque un profil sSRGB qu’il faudra conserver.

Aprés l'avoir téléchargé, on I'imprime sur un transparent. Il faudra peut-étre faire
plusieurs tests d'impression a plusieurs définitions afin de déterminer celle dont le
résultat bave le moins. En effet, certains transparents ne peuvent pas absorber toute
I’encre a des définitions importantes et font des gouttes d’encre.

Apres insolation avec le temps que I'on a préalablement déterminé, on "développe" le
tirage :

,
T
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O

X=125, Y=55

Cy.anotype apréé' "clarlﬁcétion. Négatif a
partir de HSB-Array _8bits gimp.tif.

Canon 19100 - 1200 dpi fine - Sans correction de couleur - 25-01-2009

La détermination de la couleur la plus appropriée n’est pas automatique, et est peut
étre multiple. J'ai choisi un patch blanc proche d’une zone avec des "gris". De plus, on
fera attention au rendu plus ou moins granuleux de ce patch. Effectivement, plusily a
d’encre et plus il y a des risques d’avoir un effet de gouttelettes sur le négatif qui
transparaitra inexorablement sur le tirage. On peut percevoir cette effet dans la partie
basse de I'image ci-dessus.

Une fois que I'on a choisi un patch, on releve ses coordonnées que |I'on notera pour la
suite. Dans mon cas, j’'ai retenu un vert en X=125 et Y=55.

4 - Création de la courbe de correction

4.1 - Charte de gris

Avant de créer la courbe, il faut faire un nouveau
négatif avec une charte de gris. Il en existe
guelgues unes sur le Net mais j'ai préféré en réaliser
une dédiée a The GIMP. Je m’explique : certains
logiciels, comme Adobe Photoshop, travaille en
pourcentage, les chartes sont donc élaborées en
fonction. Cette facon de voir est certainement plus
proche des habitudes des photographes
notamment. Sous The GIMP, il en va autrement et
I’échelle ne va plus de 0 a 100% mais de 0 a 255.
Méme si cette approche parait moins logique pour
un photographe qu’un informaticien (En 8 bits par
couche, chaque couche est codée sur 256 octets),
on a bien a faire a la méme chose si ce n’est cette
maniere de "compter".

C’'est pour cela que je vous propose une charte | 1s| 15| 18| 201 208 207 210] 213
adaptée ou l'on ne verra pas apparaitre le
pourcentage des gris mais leur valeur comprise | 26| 28] 22| 225 28| 231 24| 27
entre 0 et 255, voir ci-contre. .

168 171 174 gl 180 183 186 189

240 243 248 249 252 255

01-2009 http:/fwww.philippejimenez.fr/ Licence GNU-FDL {http:/iwww.gnu.org)

Les fichiers sources au format XCF sont disponibles
en fin d’article sur le site®.
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4.2 - Application de la couleur a la charte de gris

On commence donc par ouvrir un des 2 fichiers.
A l'ouverture, un message est affiché et nous
invite a convertir ou conserver le profil ICC | Limage « charte_gris_pour_gimp_v2xcf »

embarqué, il faut choisir "Conserver". a un profil de couleurs embarqué :
sRGB built-in

Conwertir l'image vers I'espace de travail
RVB (Adobe RGB (1998)) ?

Me plus me demander

_&Aidg &igonuertir Conserver

H 1 1 o charte_gris_pour_gimp_v2xch-1.0 (RVB, 102 c 7 ) B Bl (x|
Si on prend le fichier avec les calques, on EE B
fichier Ed ue Couleurs Outils Fitres
. ’ . | image I8 |
va commencer par aplanir 'image : -> Eu@w#imp“w cir+0) z
o Mode > 1000
4 Transformer >
q 0 6 B Taile du canevas
i 01-2009 http: ffwww.phi
] Ajuster le canevas aux calques
] 240 23 M6
B 0 [E] Taille de limpression... %
Ei =, Echelle et taille de limage... % e a1 am
] = &
Découpage automatique de limage % 192 195 1%8
] Découpage futé
- % 171 174
Fusionner les calques visibles Crl+M
7 0 Aplatir limage s 47 10
| Aligner les calques visibles..JFusionne tous les calques en un seul|
alance des couleurs.. ] et supprime Ia transparence b 126
sinte-Saturation 0 5 Guides .\ Y b e ot
; 1 \ppuyez sur F1 pour obtenir de Iaide
! R [T configurer la grille... - . 102
| q P @ Propriétés de limage Alt+Entrée
| , |
' T
: 37 @ % 72 75 78
] 0 168| 47| 174| 77| 180| 183| 86| 189
| Bl @ 48 51 54
g | Eustériser. ]
) ; . ] peseturer. 192| 195| 198| 201| 204 207 210| 213 @ % 2 27 30
: [F inverser = @ % o 3 3
] 8 8 Inversion de va\é inverser les couleurs N
] | X 0 @ 88
| Utiliser GEGL [Appuyez sur F1 pour obtenir de l'aide b
N | 96 99 0 0
o] | Auto > @ 87
o | Composants 5 Sl =
] 0 6 9 carte » "“D = L o = s
| e N px v 25% v Fusionne tous les calques en un seul et ... 5 b
] | 150 153 Coloriser. .
T | Cauleur vers alpha...
H ] . .
o4 ] Maximum RVE.., _ I | I t
o ] L I <- On va alors inverser les couleurs, soi
] ; Bter les « pixels chauds »...
; . s .
| Paguet de filtres... | ’ t f .
1 e passer I'image en négatif :
] | 216| 219| 222 225| 228| 231| 234 |
] | H
0 | :
240| 243 246 249| 252| 255
" Jo1-2008. i W L FOL :
inte-Saturation
] 'r te-Saturat
px  ~ 25% ~ |Inverser les couleurs &7 colorier.
7 0 3 6 ¢ @ Luminosite- Cuntraﬁte Joutil de coloriage : colorie lmage
] 2] seuil... lAppuyez sur F1 pour obtenir de I'aide
] Niveaux.
24 27 30 13

Courbes...
Postériser.
48 51 54 57 | [l Désaturer...

I3 inverser
Inversion de valeur...
Utiliser GEGL
Auto
Composants
Carte
Infermations

Coloriser...
Couleur vers alpha...
Maximum RVEB.

Ster les « pixels chauds »..,
Paguet de filtres..

Puis, on va appliquer la couleur que I'on a |}
déterminé dans |I'étape précédente : -

[ 25% - Outil de coloriage : colorie limage
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Dans la boite de dialogue qui
apparait, on va directement
reporter les valeurs que l'on
aura lues sur le tirage réalisé
a partir de la charte HSB-
Array :

=

|

oo

# Colorier I''mage i
= charte gris4 (charte_gris_pour_gimp_v2_applati xcf)
Présélections : | g @
Sélectionnez une couleur
Teinte : 145
Saturation : 65

Luminosité : 4]

| Apergu

ﬁA\dg £lReinitialiser @ﬂ\jahdsr XAgnulsr

—

| [ ooar)
PR T T i YT VA B ol VU S BT

coon)
T

px - 25%) « charte gris (61,3 Mio)

N2

Il ne reste plus qu’a imprimer ce négatif et a réaliser un nouveau tirage en prenant
toujours le temps d’exposition déterminé au début.

| Tirage cyanotype non clarifié.

225

219

RHtp fwewew philippejimener fr Licence GNU -FDL (hitp /e gnu org)

nitp fwww philippejimenez fr Licence GNU-FDL (hitp /fwww gnu org)

Tirage cyanotype d’un charte de Tirage cyanotype d’un charte de
couleur orange. couleur verte.

On remarquera, que par rapport au tirage

suivant (négatif vert), que I'étendu des

nuances est moins importante.
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4.3 - Mesure des densités

Afin de pouvoir mesurer les densités des différents patchs de la charte, nous devons
numériser ce nouveau tirage.

Puis avec The GIMP, nous allons pouvoir mesurer les densités pour produire une
courbe de correction.

Quelques étapes sont nécessaires avant de faire les mesures :

» Passer en niveaux de gris : "Image > Mode > Niveaux de gris"

* Niveler I'histogramme avec |’outil Courbes : "Couleurs > Courbes"

« Ajouter du flou gaussien pour facilité les mesures : "Filtres > Flou > Flou
gaussien”

 Faire les mesures, toujours avec I|'outil Courbes. On ne mesurera pas
systématiqguement tous les patchs de la gamme. Personnellement, je mesure le
blanc, le patch le plus dense, puis les patchs de 8 en 8 (Ce qui fait environ tous
les 10%).

Ctri+D |,y J20PRy 0y, 132500, 0y (25P0) g 0, (17RO, (2000, B

G e HER e R & pupliquer ~ Ctr+D Ly, 1 1200, 0,0, 2250, , 4L, 1SPRy Ly, 0 IR7E0, L, L., [20P0, &
om
| Mode > | e« RVB
] Transformer » Niveaux de gris
7 — Couleurs indexéedConverti limage en niveaux de gris
il B, Taille du canevas... i
] Ajuster le canevas aux calgues Assigner un profil [ Appuyez sur F1 pour obtenir de |'aide
7 j | | Convertir en un profil de couleurs...
B [ Taille de l'impression. ..
E: B Echelle et taille de l'mage...
=
3 & -
: Découpage automatique de limage
? Découpage futé...
07 Fusionner les calques visibles... Ctrl+m a0
9 Aplatir limage
7 Aligner les calques wisibles...
7] _
3: Guides »
] [ configurer Iz grille...
9 & Propriétés de limage Alt+Entrée i
] R e e e et B
o oA ._n -'.?-"_-'.- s % § i 1. .
od
hE
07
12
2_
]
07
5=
5 128
0 ) N
;] FOL (MUp Pererw gres org)

e
LR

px ~ | 33,3% ~ Convertilimage en niveaux de gris Passer en "Niveau de gris"
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™ o] *test corrige v2.xcl-6.0 (niveaux de gris, 6 calques) 1221x1689 - GIMP (o™ x]

lll
M.

IL ||||||-?‘r?q|l\\|||-$qq\\\||||-|‘2$q\\|||llnl\\I||||||2|5p||||l\\|5|0|0|||\\\||?|5p||\\\|||1|npp\\|||||:|‘|2V5pVI|||\‘]‘vspplIII\\‘]‘ITISpIII\\\|2|npp|;ﬁ
0y
G

] 4| Ajuster les courbes de couleur

i Depuis négatif vert-115 (test_corrige_v2.xcf]
? Présélections : v | gp @
e

3 Canal : valeur -~ || Réinitialiser le canal [m]
| /
23
it
71
54
5}
T3
[
07
il
T [
2] —
%j Type de courbe : [+ Lissée v

] v Apercu
E :;_;Aidg o Réinitialiser (ﬂ\_ﬁal\der %Annu\er
3]
0]
e}
5a
SEe
2 &

T - Tt
px ~ | 33,3% -~ Depuis négatif vert (86,6 Mio) vaeler I h|5tog ramme

E’l e ET S Lt e ol e e e e e Ealance des couleurs...

].|.|.|.|1.0pp|.|.|.|]12|5p|.|.|.|1|5pp|.|.|.|1.T5p|.|.|.|2|0|0p|
U ) )
-l Teinte-Saturation
E & colorier...
o] I;: Luminosité-Contraste...
E ] seuil...
| MNiveaux...
7] Outils courbes : ajuste les courbes de couleur|
54
07 El Desaturer... Appuyez sur F1 pour obtenir de 'aide
&3 D’ Inverser
R
o Utiliser GEGL
E Auto &
] Composants b
E Carte e
07 Informations
Tl
o4
0
07
a3
2_
£]
07
aEd
=1
37
07
b Ajouter du Flou gaussien
22
ol &
px ~ | 33,3% - Outils courbes : ajuste les courbes de couleur

Philippe Jimenez 9/24 Février 2009
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™ [~ | *test corrige_v2.xcf-6.0 (niveaux de gris, 6 calques) 1221x1689 - GIMP

al i e e Filt F Script

Itll|l|l|_?5q|I|I|I|-$qq|l|l|l|-‘?$q|l|l|llol|I|I|I|I|2I5pl|I|I|I|5I0|0I|I|I|Il?lspl|I|I|I|1I0pp|l|I|I|1|2|5p|lll|lll|spp|I|V|I|llTpp|l|l|l|%0pp|
e
75|

=
5

"
i
o4
43
7]
54
0
T
o]
L
07
a3
2-
3{ v Apergu

E Rayon du flou Méthode de flou
E Horizontal : 15,0 s = IR
R _ — 1 & RLE
07 Vertical : 15,0 = px -
%: ;;Aidg Bvalider %Aﬂnuler
i @

px v | 33,3%| v Depuis négatif vert (82,7 Mio) Flou gaussien

- [EI *test_corrige v2xcf-6.0 (niveaux de gris, 6 calques) 1221x1689 — GIMP

o)
Lo i s 155

o~y oo
b it

cooH|

ounk

souny

ey
e e

798, 1498 px ~ 33.3% - Depuis négatif vert (86.6 Mic)

Ajuster les courbes de couleur
Depuis négatif vert-115 itest corrige_vw2.xcf)
Présélections : v 4 3
Capal ; valeur ~ | Réinitialiser le canal @
)
x:254
[
- re Fall
1 1 Type de courbe : [ Lissée -
" [ - Apercu
. / + =
- l - ;_‘; Aide o/ Béinitialiser qﬂ\_/alwder %Aﬂnu\er
& GNUFDL (W1 v g, org)

Mesure de la densité

Mesurer avec la pipette de |'outil
"Courbe" la densité des patchs

+

Philippe Jimenez
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Une fois que I'on a relevé I'ensemble
des valeurs (Environ 10/12 valeurs),
on va les reporter sur la courbe. Cette
opération peut étre faite sur n'importe
quelle image. En effet, c’est la courbe
en elle-méme que I'on va sauvegarder
pour pouvoir I'appliquer par la suite.

« A: Coordonnées du curseur
guand on déplace un point de la
courbe

« B: Bouton pour exporter Ila
courbe

m O Courbes
Ajuster les courbes de couleur
Arrigre-plan-4 (img_1249_pour_cyano.tif)
B
Présélections : o
Canal : Valeur « | | Réinitialiser le canal ]
Y

‘ﬁ//

'_I'ypeQie courbe : [ Lissée 128 255
v/ Apergu
;;f-\idg oJIRéinitialiser -(,‘ﬂ‘galider %Aﬂnuler
L.

[= Importer des parameétres depuis un fichier...

W [z Exporter les paramétres dans un fichier...

|1 Gérer des paramétres... f’

&

Exportation de la courbe

Et voila !! le plus gros du travail est fait. Il reste a produire un tirage en appliquant
cette courbe de correction pour la valider. C'est ce que I'on va s’appliquer a faire dans

I’étape suivante.

Philippe Jimenez
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5 - Le négatif jet-d’encre

Cette partie est assez "mécanique", en dehors bien entendu du travail que vous
voulez faire sur I'image en terme de retouche. Voici donc les étapes pour obtenir ce
négatif jet-d’encre :

1. Ouvrir une image

2. Désaturer I'image : "Couleurs > Désaturer..."

3. Niveler I'histogramme avec I'outil Courbes : "Couleurs > Courbes"

4. Appliquer la courbe de correction

5. Inverser I'image : "Couleurs > Inverser"

6. Colorier de la méme fagcon que pour la gamme de gris : "Couleurs > Colorier..."
. Imprimer...

~

Edition Sélection Affichage |mage Calque outils  Filtre

Teinte-Saturation
&7 colorier...
ii} Lurminosité-Contraste..,

) seuil...

DDU’ll
VI T T T

Outil de désaturation : transforme
les couleurs en niveaux de gris

DDDI—"

Inversion ds

Appuyez sur F1 pour obtenir de 'aide
Utiliser GEGL

Auto ¥
Composants *
Carte ¥
Informations >

DDU"I—"

Coloriser...

Couleur vers alpha...

(=L ] 4]

Maximurm BVE...

Oter les « pixels chauds »...
Paguet de filtres...
Betinex...

Technicolor 2 Color

[=La 10 1%

[=L= ] ] FL]

$

px ~ 18,2% -~ Outil de désaturation : transforme les couleurs en niveaux de gris

Philippe Jimenez 12/24 Février 2009
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Fichier Edition S

Etape 3

[=T=T=TAT [=T=T0, T [=T=T=T0r [=T=T0f

[=T=T0, TN

||I|I|I|I|||I|I|I|\|||I|I|I|I|||I|I|I|I|||I|IVI|I|||I|I|I|I

[=T=T=T3

px v 18,2%

~ Arrigre-plan (1079 Mio)

Présélections :

Canal : waleur

Ajuster les courbes de couleur
Arrigre-plan-4 (img_1249_pour_cyano.tif)

Réinitialiser le canal

:@] img_1249_pour_cyano.tif-2.0 (RVE, 1 calque) 2205x3307 - GIMP Q@
Fichier Edition ffi Irr el Filt ot -Fu 20 tres
:EI|I||-$'::I'::I|I|I|I||':I|I|I|I|I||5|':”F||I|I|I||:I'|':”F”;|I|I|I||:|'|5|F”;|I|I|I||2|':”F”;|I|I|I||2|53|:‘illlllli'ﬁ
10
] Etape 2
5
| 0
[0+
1] 5 :
i Desaturer (suppression des couleurs)
(g P Arrigre-plan-4 (img_1249 pour_cyano.tif)
3 " Choisir la nuance de gris basée sur:
| I Clarté
g ! : e
| 5= ! ® Luminosité
|04 i
[ 05 : Moyenne
= : v Apergu
E S| Réinitialiser Qﬂyalider ﬁhﬂnuler

Type de courbe : [WLissée

« Apergu

;“_ﬁAidg S1Réinitialiser Hyalider

& Annuler

Philippe Jimenez
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EI0| i I |-$q0| [ e B L |0| | I I ' |5|0p| | I |1|0pq | T T |:I'I5
0]
i Ajuster les courbes de couleur
5__ Etape 4 Arrigre-plan-4 (img_1249_pour_cyano.tif)
0]
0 ! Présélections : | d @
] E Canal : Valeur ~ | Réinitialiser le canal ][]
o : e
04 '
e :
0 [ 1
1] : : |
2 : ) |
04 ' 1
& : : |
7 - ] |
0] 3 1 |
04 [ 1
0 ! ] I
| L ! |
] : s
Z 1
gj Tvpe de courbe : [+ Lissée v
0_
a8 v Apergu
ol ﬁAidg SJIRéinitialiser Bvalider xﬁ\nnuler
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On peut également faire un tirage d’'une gamme de gris corrigée. Je vous livre le
résultat de ce qu’a donné mon test :

Licence GNU-FDU (Mip feww gru org)

6 - Conclusion

Comme on peut le voir sur I'image ci-dessus, I'amélioration de I’étendu des nuances
est importante. Le choix de la couleur est certes intéressant mais I'application d’une
courbe de correction est primordiale. Elle permet de ce concentrer sur ce qu’est
capable de rendre le procédé en terme de nuance. Il faut néanmoins garder a I'esprit
gue ce n’est pas une courbe générique pour le procédé. En effet, cette courbe n’est
valable que pour les parametres matériels que I'on a utilisés :

* L'imprimante et ses encres

« le transparent

 le papier utilisé pour le procédé

* le procédé lui-méme

Cette procédure sera donc a réaliser a chaque changement d'un des parametres
énumeérés ci-dessus, ce qui peut impliquer une petit collection de courbe...

7 - Ressources

http://www.inkjetnegative.com/images/RNP/rnp.htm - Site en anglais
http://vedos.samk.fi/ ?cat=3 - Site en anglais
http://negatifnumerique.blogspot.com/ - Site en francais
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8 - Licence GNU FDL

GNU Free Documentation License
Version 1.3, 3 November 2008

Copyright (C) 2000, 2001, 2002, 2007, 2008 Free Software Foundation, Inc.
<http://fsf.org/>

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 noncommercially.
Secondarily, this License preserves for the author and publisher a way
to get credit for their work, while not being considered responsible
for modifications made by others.

This License is a kind of "copyleft", which means that derivative
works of the document must 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,
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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.

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

A section "Entitled XYZ" means a named subunit of the Document whose
title either is precisely XYZ or contains XYZ in parentheses following
text that translates XYZ in another language. (Here XYZ stands for a
specific section name mentioned below, such as "Acknowledgements",
"Dedications", "Endorsements", or "History".) To "Preserve the Title"
of such a section when you modify the 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
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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
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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. 1In 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.

Preserve all the copyright notices of the Document.

. 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.

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.

0. Preserve any Warranty Disclaimers.

m o

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
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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
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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. 1In 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 under this License. Any attempt
otherwise to copy, modify, sublicense, or distribute it is void, and
will automatically terminate your rights under this License.

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

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

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

10. FUTURE REVISIONS OF THIS LICENSE

The Free Software Foundation may publish new, revised versions of the
GNU Free Documentation 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. If the Document
specifies that a proxy can decide which future versions of this
License can be used, that proxy's public statement of acceptance of a
version permanently authorizes you to choose that version for the
Document.

11. RELICENSING

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

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

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

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

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

ADDENDUM: How to use this License for your documents

To use this License in a document you have written, include a copy of
the License in the document and put the following copyright and

license notices just after the title page:

Copyright (c) YEAR YOUR NAME.
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Permission is granted to copy, distribute and/or modify this document
under the terms of the GNU Free Documentation License, Version 1.3

or any later version published by the Free Software Foundation;

with no Invariant Sections, no Front-Cover Texts, and no Back-Cover Texts.
A copy of the license is included in the section entitled "GNU

Free Documentation License".

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

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

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

situation.

If your document contains nontrivial examples of program code, we
recommend releasing these examples in parallel under your choice of
free software license, such as the GNU General Public License,

to permit their use in free software.
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