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1 audio/fch.pd

#N canvas 3 63 450 524 10 ;
#X obj 21 20 tab l e \$0−notes 24 ;
#X obj 21 42 loadbang ;
#X obj 21 86 s \$0−notes ;

5 #X obj 21 108 loadbang ;
#X msg 21 151 1 ;
#X obj 75 197 + 1 ;
#X obj 75 219 mod 24 ;
#X obj 21 195 f ;

10 #X obj 21 217 t f f ;
#X obj 21 239 mod 4 ;
#X obj 21 261 pack f f ;
#X obj 72 241 tabread \$0−notes ;
#X obj 21 283 route 0 1 2 3 ;
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15 #X obj 18 464 dac ˜ ;
#X obj 277 125 loadbang ;
#X msg 277 147 \ ; pd dsp 1 ;
#X obj 21 313 vo i c e ˜ ;
#X obj 31 333 vo i c e ˜ ;

20 #X obj 39 355 vo i c e ˜ ;
#X obj 51 373 vo i c e ˜ ;
#X obj 18 396 hip ˜ 10 ;
#X obj 18 420 lop ˜ 10000 ;
#X obj 131 283 route 0 1 2 3 ;

25 #X obj 131 313 vo i c e ˜ ;
#X obj 141 333 vo i c e ˜ ;
#X obj 149 355 vo i c e ˜ ;
#X obj 161 373 vo i c e ˜ ;
#X obj 128 396 hip ˜ 10 ;

30 #X obj 128 418 lop ˜ 10000 ;
#X msg 21 64 0 0 9 5 2 10 7 3 0 8 5 1 10 6 3 11 8 4 1 9 6 2 11 7 4
;
#X obj 21 173 metro 2500 ;
#X obj 208 478 w r i t e s f ˜ 2 ;

35 #X msg 262 260 open −bytes 4 fch . wav \ , s t a r t ;
#X obj 21 130 de lay 1000 ;
#X obj 280 289 de lay 1 .8 e+06;
#X msg 280 345 stop ;
#X msg 280 394 \ ; pd qu i t ;

40 #X obj 293 370 de lay 1000 ;
#X obj 262 211 de lay 60000 ;
#X f loatatom 154 213 5 0 0 0 − − − , f 5 ;
#X connect 1 0 29 0 ;
#X connect 3 0 33 0 ;

45 #X connect 4 0 30 0 ;
#X connect 5 0 6 0 ;
#X connect 6 0 7 1 ;
#X connect 7 0 5 0 ;
#X connect 7 0 8 0 ;

50 #X connect 7 0 39 0 ;
#X connect 8 0 9 0 ;
#X connect 8 1 11 0 ;
#X connect 9 0 10 0 ;
#X connect 10 0 12 0 ;

55 #X connect 10 0 22 0 ;
#X connect 11 0 10 1 ;
#X connect 12 0 16 0 ;
#X connect 12 1 17 0 ;
#X connect 12 2 18 0 ;

60 #X connect 12 3 19 0 ;
#X connect 14 0 15 0 ;
#X connect 16 0 20 0 ;
#X connect 17 0 20 0 ;
#X connect 18 0 20 0 ;

65 #X connect 19 0 20 0 ;
#X connect 20 0 21 0 ;
#X connect 21 0 13 0 ;
#X connect 21 0 31 0 ;
#X connect 22 0 23 0 ;

70 #X connect 22 1 24 0 ;
#X connect 22 2 25 0 ;
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#X connect 22 3 26 0 ;
#X connect 23 0 27 0 ;
#X connect 24 0 27 0 ;

75 #X connect 25 0 27 0 ;
#X connect 26 0 27 0 ;
#X connect 27 0 28 0 ;
#X connect 28 0 13 1 ;
#X connect 28 0 31 1 ;

80 #X connect 29 0 2 0 ;
#X connect 30 0 7 0 ;
#X connect 32 0 31 0 ;
#X connect 33 0 4 0 ;
#X connect 33 0 38 0 ;

85 #X connect 34 0 35 0 ;
#X connect 34 0 37 0 ;
#X connect 35 0 31 0 ;
#X connect 37 0 36 0 ;
#X connect 38 0 32 0 ;

90 #X connect 38 0 34 0 ;

2 audio/voice˜.pd

#N canvas 3 58 450 300 10 ;
#X obj 174 19 i n l e t ;
#X obj 174 41 mtof ;
#X obj 30 33 no i s e ˜ ;

5 #X obj 83 64 vc f ˜ 50 ;
#X obj 19 286 ou t l e t ˜ ;
#X obj 83 84 vc f ˜ 50 ;
#X obj 83 104 vc f ˜ 50 ;
#X obj 83 124 vc f ˜ 50 ;

10 #X obj 83 144 vc f ˜ 50 ;
#X obj 83 164 vc f ˜ 50 ;
#X obj 83 184 vc f ˜ 50 ;
#X obj 83 205 vc f ˜ 50 ;
#X obj 83 225 vc f ˜ 50 ;

15 #X obj 83 245 vc f ˜ 50 ;
#X obj 83 265 vc f ˜ 50 ;
#X obj 174 63 ∗ 2 ;
#X obj 174 85 ∗ 2 ;
#X obj 174 107 ∗ 2 ;

20 #X obj 174 129 ∗ 2 ;
#X obj 174 151 ∗ 2 ;
#X obj 174 173 ∗ 2 ;
#X obj 174 195 ∗ 2 ;
#X obj 174 217 ∗ 2 ;

25 #X obj 174 239 ∗ 2 ;
#X obj 174 261 ∗ 2 ;
#X connect 0 0 1 0 ;
#X connect 1 0 3 1 ;
#X connect 1 0 15 0 ;

30 #X connect 2 0 3 0 ;
#X connect 2 0 5 0 ;
#X connect 2 0 6 0 ;
#X connect 2 0 7 0 ;
#X connect 2 0 8 0 ;

35 #X connect 2 0 9 0 ;
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#X connect 2 0 10 0 ;
#X connect 2 0 11 0 ;
#X connect 2 0 12 0 ;
#X connect 2 0 13 0 ;

40 #X connect 2 0 14 0 ;
#X connect 3 0 4 0 ;
#X connect 5 0 4 0 ;
#X connect 6 0 4 0 ;
#X connect 7 0 4 0 ;

45 #X connect 8 0 4 0 ;
#X connect 9 0 4 0 ;
#X connect 10 0 4 0 ;
#X connect 11 0 4 0 ;
#X connect 12 0 4 0 ;

50 #X connect 13 0 4 0 ;
#X connect 14 0 4 0 ;
#X connect 15 0 5 1 ;
#X connect 15 0 16 0 ;
#X connect 16 0 6 1 ;

55 #X connect 16 0 17 0 ;
#X connect 17 0 7 1 ;
#X connect 17 0 18 0 ;
#X connect 18 0 8 1 ;
#X connect 18 0 19 0 ;

60 #X connect 19 0 9 1 ;
#X connect 19 0 20 0 ;
#X connect 20 0 10 1 ;
#X connect 20 0 21 0 ;
#X connect 21 0 11 1 ;

65 #X connect 21 0 22 0 ;
#X connect 22 0 12 1 ;
#X connect 22 0 23 0 ;
#X connect 23 0 13 1 ;
#X connect 23 0 24 0 ;

70 #X connect 24 0 14 1 ;

3 COPYING

GNU GENERAL PUBLIC LICENSE
Vers ion 3 , 29 June 2007

Copyright (C) 2007 Free Software Foundation , Inc . <http :// f s f . org/>
5 Everyone i s permitted to copy and d i s t r i b u t e verbatim cop i e s

o f t h i s l i c e n s e document , but changing i t i s not a l lowed .

Preamble

10 The GNU General Publ ic L i cense i s a f r e e , c opy l e f t l i c e n s e f o r
so f tware and other k inds o f works .

The l i c e n s e s f o r most so f tware and other p r a c t i c a l works are des igned
to take away your freedom to share and change the works . By contras t ,

15 the GNU General Publ ic L i cense i s intended to guarantee your freedom to
share and change a l l v e r s i on s o f a program−−to make sure i t remains f r e e
so f tware f o r a l l i t s u s e r s . We, the Free Software Foundation , use the
GNU General Publ ic L i cense f o r most o f our so f tware ; i t a pp l i e s a l s o to
any other work r e l e a s e d t h i s way by i t s authors . You can apply i t to
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20 your programs , too .

When we speak o f f r e e so ftware , we are r e f e r r i n g to freedom , not
p r i c e . Our General Publ ic L i c en s e s are des igned to make sure that you
have the freedom to d i s t r i b u t e cop i e s o f f r e e so f tware ( and charge f o r

25 them i f you wish ) , that you r e c e i v e source code or can get i t i f you
want i t , that you can change the so f tware or use p i e c e s o f i t in new
f r e e programs , and that you know you can do these th ing s .

To pro t e c t your r i gh t s , we need to prevent o the r s from denying you
30 the se r i g h t s or ask ing you to sur render the r i g h t s . Therefore , you have

c e r t a i n r e s p o n s i b i l i t i e s i f you d i s t r i b u t e cop i e s o f the so ftware , or i f
you modify i t : r e s p o n s i b i l i t i e s to r e sp e c t the freedom of o the r s .

For example , i f you d i s t r i b u t e cop i e s o f such a program , whether
35 g r a t i s or f o r a fee , you must pass on to the r e c i p i e n t s the same

freedoms that you r e c e i v ed . You must make sure that they , too , r e c e i v e
or can get the source code . And you must show them these terms so they
know th e i r r i g h t s .

40 Developers that use the GNU GPL pro t e c t your r i g h t s with two s t ep s :
(1 ) a s s e r t copyr ight on the software , and (2 ) o f f e r you t h i s L i cense
g i v i ng you l e g a l permis s ion to copy , d i s t r i b u t e and/ or modify i t .

For the deve lopers ’ and authors ’ p ro tec t i on , the GPL c l e a r l y exp l a i n s
45 that the re i s no warranty f o r t h i s f r e e so f tware . For both users ’ and

authors ’ sake , the GPL r e qu i r e s that modi f i ed v e r s i on s be marked as
changed , so that t h e i r problems w i l l not be a t t r i bu t ed e r roneous ly to
authors o f prev ious v e r s i on s .

50 Some dev i c e s are des igned to deny us e r s a c c e s s to i n s t a l l or run
modi f i ed v e r s i on s o f the so f tware i n s i d e them , although the manufacturer
can do so . This i s fundamental ly incompat ib l e with the aim o f
p ro t e c t i ng users ’ freedom to change the so f tware . The sys temat i c
pattern o f such abuse occurs in the area o f products f o r i n d i v i d u a l s to

55 use , which i s p r e c i s e l y where i t i s most unacceptable . Therefore , we
have des igned t h i s v e r s i on o f the GPL to p roh i b i t the p r a c t i c e f o r those
products . I f such problems a r i s e s u b s t a n t i a l l y in other domains , we
stand ready to extend t h i s p r ov i s i on to those domains in fu tu r e v e r s i on s
o f the GPL, as needed to p ro t e c t the freedom of u s e r s .

60

Fina l ly , every program i s threatened cons tant ly by so f tware patents .
S ta t e s should not a l low patents to r e s t r i c t development and use o f
so f tware on genera l −purpose computers , but in those that do , we wish to
avoid the s p e c i a l danger that patents app l i ed to a f r e e program could

65 make i t e f f e c t i v e l y p rop r i e t a ry . To prevent th i s , the GPL as su r e s that
patents cannot be used to render the program non− f r e e .

The p r e c i s e terms and cond i t i on s f o r copying , d i s t r i b u t i o n and
mod i f i c a t i on f o l l ow .

70

TERMS AND CONDITIONS

0 . De f i n i t i o n s .

75 ”This L i cense ” r e f e r s to ve r s i on 3 o f the GNU General Publ ic L i cense .
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”Copyright ” a l s o means copyr ight − l i k e laws that apply to other k inds o f
works , such as semiconductor masks .

80 ”The Program” r e f e r s to any copyr i gh tab l e work l i c e n s e d under t h i s
L i cense . Each l i c e n s e e i s addressed as ”you ” . ” L i c en s e e s ” and
” r e c i p i e n t s ” may be i nd i v i d u a l s or o r gan i z a t i on s .

To ”modify” a work means to copy from or adapt a l l or part o f the work
85 in a f a sh i on r e qu i r i n g copyr ight permiss ion , other than the making o f an

exact copy . The r e s u l t i n g work i s c a l l e d a ”modi f i ed ve r s i on ” o f the
e a r l i e r work or a work ”based on” the e a r l i e r work .

A ” covered work” means e i t h e r the unmodif ied Program or a work based
90 on the Program .

To ”propagate ” a work means to do anything with i t that , without
permiss ion , would make you d i r e c t l y or s e c onda r i l y l i a b l e f o r
in f r ingement under app l i c ab l e copyr ight law , except execut ing i t on a

95 computer or modifying a p r i va t e copy . Propagation i n c l ud e s copying ,
d i s t r i b u t i o n ( with or without mod i f i c a t i on ) , making a v a i l a b l e to the
publ ic , and in some coun t r i e s other a c t i v i t i e s as we l l .

To ”convey” a work means any kind o f propagat ion that enab l e s other
100 pa r t i e s to make or r e c e i v e cop i e s . Mere i n t e r a c t i o n with a user through

a computer network , with no t r a n s f e r o f a copy , i s not conveying .

An i n t e r a c t i v e user i n t e r f a c e d i s p l a y s ”Appropriate Legal Not i ce s ”
to the extent that i t i n c l ud e s a convenient and prominently v i s i b l e

105 f e a t u r e that (1 ) d i s p l a y s an appropr ia t e copyr ight not i ce , and (2 )
t e l l s the user that the re i s no warranty f o r the work ( except to the
extent that war rant i e s are provided ) , that l i c e n s e e s may convey the
work under t h i s License , and how to view a copy o f t h i s L i cense . I f
the i n t e r f a c e p r e s en t s a l i s t o f user commands or opt ions , such as a

110 menu , a prominent item in the l i s t meets t h i s c r i t e r i o n .

1 . Source Code .

The ” source code” f o r a work means the p r e f e r r e d form o f the work
115 f o r making mod i f i c a t i on s to i t . ”Object code” means any non− source

form o f a work .

A ”Standard I n t e r f a c e ” means an i n t e r f a c e that e i t h e r i s an o f f i c i a l
standard de f ined by a recogn i z ed standards body , or , in the case o f

120 i n t e r f a c e s s p e c i f i e d f o r a p a r t i c u l a r programming language , one that
i s wide ly used among deve l ope r s working in that language .

The ”System L i b r a r i e s ” o f an executab l e work inc lude anything , other
than the work as a whole , that ( a ) i s inc luded in the normal form o f

125 packaging a Major Component , but which i s not part o f that Major
Component , and (b) s e r v e s only to enable use o f the work with that
Major Component , or to implement a Standard I n t e r f a c e f o r which an
implementation i s a v a i l a b l e to the pub l i c in source code form . A
”Major Component” , in t h i s context , means a major e s s e n t i a l component

130 ( kerne l , window system , and so on ) o f the s p e c i f i c opera t ing system
( i f any ) on which the executab l e work runs , or a compi le r used to
produce the work , or an ob j e c t code i n t e r p r e t e r used to run i t .

7
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The ”Corresponding Source ” f o r a work in ob j e c t code form means a l l
135 the source code needed to generate , i n s t a l l , and ( f o r an executab l e

work ) run the ob j e c t code and to modify the work , i n c l ud ing s c r i p t s to
c on t r o l those a c t i v i t i e s . However , i t does not in c lude the work ’ s
System L ib ra r i e s , or genera l −purpose t o o l s or g en e r a l l y a v a i l a b l e f r e e
programs which are used unmodif ied in per forming those a c t i v i t i e s but

140 which are not part o f the work . For example , Corresponding Source
i n c l ud e s i n t e r f a c e d e f i n i t i o n f i l e s a s s o c i a t ed with source f i l e s f o r
the work , and the source code f o r shared l i b r a r i e s and dynamical ly
l i nked subprograms that the work i s s p e c i f i c a l l y des igned to requ i r e ,
such as by int imate data communication or c on t r o l f low between those

145 subprograms and other par t s o f the work .

The Corresponding Source need not in c lude anything that u s e r s
can r egene ra t e automat i ca l l y from other par t s o f the Corresponding
Source .

150

The Corresponding Source f o r a work in source code form i s that
same work .

2 . Bas ic Permiss ions .
155

Al l r i g h t s granted under t h i s L i cense are granted f o r the term o f
copyr ight on the Program , and are i r r e v o c ab l e provided the s ta t ed
cond i t i on s are met . This L i cense e x p l i c i t l y a f f i rm s your un l imited
permis s ion to run the unmodif ied Program . The output from running a

160 covered work i s covered by t h i s L i cense only i f the output , g iven i t s
content , c o n s t i t u t e s a covered work . This L i cense acknowledges your
r i g h t s o f f a i r use or other equ iva l ent , as provided by copyr ight law .

You may make , run and propagate covered works that you do not
165 convey , without cond i t i on s so long as your l i c e n s e otherwi se remains

in f o r c e . You may convey covered works to o the r s f o r the s o l e purpose
o f having them make mod i f i c a t i on s e x c l u s i v e l y f o r you , or prov ide you
with f a c i l i t i e s f o r running those works , provided that you comply with
the terms o f t h i s L i cense in conveying a l l mate r i a l f o r which you do

170 not c on t r o l copyr ight . Those thus making or running the covered works
f o r you must do so e x c l u s i v e l y on your beha l f , under your d i r e c t i o n
and contro l , on terms that p r oh i b i t them from making any cop i e s o f
your copyr ighted mate r i a l ou t s id e t h e i r r e l a t i o n s h i p with you .

175 Conveying under any other c i r cumstances i s permitted s o l e l y under
the cond i t i on s s ta t ed below . Sub l i c en s i ng i s not a l lowed ; s e c t i o n 10
makes i t unnecessary .

3 . Pro tec t ing Users ’ Legal Rights From Anti−Circumvention Law .
180

No covered work s h a l l be deemed part o f an e f f e c t i v e t e c hno l o g i c a l
measure under any app l i c ab l e law f u l f i l l i n g o b l i g a t i o n s under a r t i c l e
11 o f the WIPO copyr ight t r ea ty adopted on 20 December 1996 , or
s im i l a r laws p r oh i b i t i n g or r e s t r i c t i n g c ircumvent ion o f such

185 measures .

When you convey a covered work , you waive any l e g a l power to f o rb i d
c i rcumvent ion o f t e c hno l o g i c a l measures to the extent such c ircumvent ion
i s e f f e c t e d by e x e r c i s i n g r i g h t s under t h i s L i cense with r e sp e c t to

190 the covered work , and you d i s c l a im any i n t en t i on to l im i t opera t i on or

8
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mod i f i c a t i on o f the work as a means o f en fo rc ing , aga in s t the work ’ s
users , your or th i rd pa r t i e s ’ l e g a l r i g h t s to f o rb i d c i rcumvent ion o f
t e c hno l o g i c a l measures .

195 4 . Conveying Verbatim Copies .

You may convey verbatim cop i e s o f the Program ’ s source code as you
r e c e i v e i t , in any medium , provided that you consp i cuous ly and
approp r i a t e l y pub l i sh on each copy an appropr ia t e copyr ight no t i c e ;

200 keep i n t a c t a l l n o t i c e s s t a t i n g that t h i s L i cense and any
non−permi s s i v e terms added in accord with s e c t i o n 7 apply to the code ;
keep i n t a c t a l l n o t i c e s o f the absence o f any warranty ; and g ive a l l
r e c i p i e n t s a copy o f t h i s L i cense along with the Program .

205 You may charge any p r i c e or no p r i c e f o r each copy that you convey ,
and you may o f f e r support or warranty p ro t e c t i on f o r a f e e .

5 . Conveying Modif ied Source Vers ions .

210 You may convey a work based on the Program , or the mod i f i c a t i on s to
produce i t from the Program , in the form o f source code under the
terms o f s e c t i o n 4 , provided that you a l s o meet a l l o f the se c ond i t i on s :

a ) The work must car ry prominent no t i c e s s t a t i n g that you modi f i ed
215 i t , and g iv ing a r e l e van t date .

b ) The work must car ry prominent no t i c e s s t a t i n g that i t i s
r e l e a s e d under t h i s L i cense and any cond i t i on s added under s e c t i o n
7 . This requirement mod i f i e s the requirement in s e c t i o n 4 to

220 ”keep i n t a c t a l l n o t i c e s ” .

c ) You must l i c e n s e the e n t i r e work , as a whole , under t h i s
L i cense to anyone who comes in to po s s e s s i on o f a copy . This
L i cense w i l l t h e r e f o r e apply , a long with any app l i c ab l e s e c t i o n 7

225 add i t i o na l terms , to the whole o f the work , and a l l i t s parts ,
r e g a r d l e s s o f how they are packaged . This L i cense g i v e s no
permis s ion to l i c e n s e the work in any other way , but i t does not
i n v a l i d a t e such permis s ion i f you have s epa r a t e l y r e c e i v ed i t .

230 d) I f the work has i n t e r a c t i v e user i n t e r f a c e s , each must d i sp l ay
Appropriate Legal Not i ce s ; however , i f the Program has i n t e r a c t i v e
i n t e r f a c e s that do not d i sp l ay Appropriate Legal Not ices , your
work need not make them do so .

235 A compi la t ion o f a covered work with other s epara t e and independent
works , which are not by t h e i r nature ex t en s i on s o f the covered work ,
and which are not combined with i t such as to form a l a r g e r program ,
in or on a volume o f a s to rage or d i s t r i b u t i o n medium , i s c a l l e d an
” aggregate ” i f the compi la t ion and i t s r e s u l t i n g copyr ight are not

240 used to l im i t the a c c e s s or l e g a l r i g h t s o f the compi lat ion ’ s u s e r s
beyond what the i nd i v i dua l works permit . I n c l u s i o n o f a covered work
in an aggregate does not cause t h i s L i cense to apply to the other
par t s o f the aggregate .

245 6 . Conveying Non−Source Forms .

You may convey a covered work in ob j e c t code form under the terms

9
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o f s e c t i o n s 4 and 5 , provided that you a l s o convey the
machine− r eadab le Corresponding Source under the terms o f t h i s License ,

250 in one o f the se ways :

a ) Convey the ob j e c t code in , or embodied in , a phy s i c a l product
( i n c l ud ing a phy s i c a l d i s t r i b u t i o n medium) , accompanied by the
Corresponding Source f i x ed on a durable phy s i c a l medium

255 cus tomar i ly used f o r so f tware in te rchange .

b) Convey the ob j e c t code in , or embodied in , a phy s i c a l product
( i n c l ud ing a phy s i c a l d i s t r i b u t i o n medium) , accompanied by a
wr i t t en o f f e r , v a l i d f o r at l e a s t three years and va l i d f o r as

260 long as you o f f e r spare par t s or customer support f o r that product
model , to g ive anyone who po s s e s s e s the ob j e c t code e i t h e r (1 ) a
copy o f the Corresponding Source f o r a l l the so f tware in the
product that i s covered by t h i s License , on a durable phy s i c a l
medium customar i ly used f o r so f tware interchange , f o r a p r i c e no

265 more than your rea sonab l e co s t o f phy s i c a l l y per forming t h i s
conveying o f source , or (2 ) a c c e s s to copy the
Corresponding Source from a network s e r v e r at no charge .

c ) Convey i nd i v i dua l c op i e s o f the ob j e c t code with a copy o f the
270 wr i t t en o f f e r to prov ide the Corresponding Source . This

a l t e r n a t i v e i s a l lowed only o c c a s i o n a l l y and noncommercial ly , and
only i f you r e c e i v ed the ob j e c t code with such an o f f e r , in accord
with subs e c t i on 6b .

275 d) Convey the ob j e c t code by o f f e r i n g ac c e s s from a des ignated
p lace ( g r a t i s or f o r a charge ) , and o f f e r equ iva l en t a c c e s s to the
Corresponding Source in the same way through the same p lace at no
f u r t h e r charge . You need not r e qu i r e r e c i p i e n t s to copy the
Corresponding Source along with the ob j e c t code . I f the p lace to

280 copy the ob j e c t code i s a network se rver , the Corresponding Source
may be on a d i f f e r e n t s e r v e r ( operated by you or a th i rd party )
that supports equ iva l en t copying f a c i l i t i e s , provided you maintain
c l e a r d i r e c t i o n s next to the ob j e c t code say ing where to f i nd the
Corresponding Source . Regard le s s o f what s e r v e r hos t s the

285 Corresponding Source , you remain ob l i g a t ed to ensure that i t i s
a v a i l a b l e f o r as long as needed to s a t i s f y these requ i rements .

e ) Convey the ob j e c t code us ing peer −to−peer t ransmis s ion , provided
you inform other pee r s where the ob j e c t code and Corresponding

290 Source o f the work are being o f f e r e d to the gene ra l pub l i c at no
charge under subse c t i on 6d .

A separab l e por t i on o f the ob j e c t code , whose source code i s excluded
from the Corresponding Source as a System Library , need not be

295 i nc luded in conveying the ob j e c t code work .

A ”User Product” i s e i t h e r (1 ) a ”consumer product ” , which means any
t ang i b l e pe r sona l property which i s normally used f o r persona l , fami ly ,
or household purposes , or (2 ) anything des igned or so ld f o r i n co rpo ra t i on

300 i n to a dwe l l i ng . In determining whether a product i s a consumer product ,
doubt fu l c a s e s s h a l l be r e s o l v ed in favor o f coverage . For a p a r t i c u l a r
product r e c e i v ed by a p a r t i c u l a r user , ” normally used” r e f e r s to a
t yp i c a l or common use o f that c l a s s o f product , r e g a r d l e s s o f the s t a tu s
o f the p a r t i c u l a r user or o f the way in which the p a r t i c u l a r user

10
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305 a c tua l l y uses , or expect s or i s expected to use , the product . A product
i s a consumer product r e g a r d l e s s o f whether the product has s ub s t an t i a l
commercial , i n d u s t r i a l or non−consumer uses , un l e s s such uses r ep r e s en t
the only s i g n i f i c a n t mode o f use o f the product .

310 ” I n s t a l l a t i o n In format ion ” f o r a User Product means any methods ,
procedures , au tho r i z a t i on keys , or other in fo rmat ion r equ i r ed to i n s t a l l
and execute modi f i ed v e r s i on s o f a covered work in that User Product from
a modi f i ed ve r s i on o f i t s Corresponding Source . The in fo rmat ion must
s u f f i c e to ensure that the cont inued func t i on ing o f the modi f i ed ob j e c t

315 code i s in no case prevented or i n t e r f e r e d with s o l e l y because
mod i f i c a t i on has been made .

I f you convey an ob j e c t code work under t h i s s e c t i o n in , or with , or
s p e c i f i c a l l y f o r use in , a User Product , and the conveying occurs as

320 part o f a t r an sa c t i on in which the r i g h t o f po s s e s s i on and use o f the
User Product i s t r a n s f e r r e d to the r e c i p i e n t in pe rpe tu i ty or f o r a
f i x ed term ( r e g a r d l e s s o f how the t r an sa c t i on i s cha r a c t e r i z ed ) , the
Corresponding Source conveyed under t h i s s e c t i o n must be accompanied
by the I n s t a l l a t i o n In format ion . But t h i s requirement does not apply

325 i f n e i t h e r you nor any th i rd party r e t a i n s the a b i l i t y to i n s t a l l
modi f i ed ob j e c t code on the User Product ( f o r example , the work has
been i n s t a l l e d in ROM) .

The requirement to prov ide I n s t a l l a t i o n In format ion does not in c lude a
330 requirement to cont inue to prov ide support s e r v i c e , warranty , or updates

f o r a work that has been modi f i ed or i n s t a l l e d by the r e c i p i e n t , or f o r
the User Product in which i t has been modi f i ed or i n s t a l l e d . Access to a
network may be denied when the mod i f i c a t i on i t s e l f ma t e r i a l l y and
adve r s e l y a f f e c t s the opera t i on o f the network or v i o l a t e s the r u l e s and

335 p ro t o c o l s f o r communication ac ro s s the network .

Corresponding Source conveyed , and I n s t a l l a t i o n In format ion provided ,
in accord with t h i s s e c t i o n must be in a format that i s pub l i c l y
documented ( and with an implementation a v a i l a b l e to the pub l i c in

340 source code form ) , and must r e qu i r e no s p e c i a l password or key f o r
unpacking , read ing or copying .

7 . Addi t iona l Terms .

345 ”Addi t iona l pe rmi s s i ons ” are terms that supplement the terms o f t h i s
L i cense by making except i on s from one or more o f i t s c ond i t i on s .
Addi t iona l pe rmi s s i ons that are app l i c ab l e to the e n t i r e Program s h a l l
be t r ea t ed as though they were inc luded in t h i s License , to the extent
that they are va l i d under app l i c ab l e law . I f add i t i o na l pe rmi s s i ons

350 apply only to part o f the Program , that part may be used s epa r a t e l y
under those permiss ions , but the e n t i r e Program remains governed by
t h i s L i cense without regard to the add i t i o na l pe rmi s s i ons .

When you convey a copy o f a covered work , you may at your opt ion
355 remove any add i t i o na l pe rmi s s i ons from that copy , or from any part o f

i t . ( Addi t iona l pe rmi s s i ons may be wr i t t en to r e qu i r e t h e i r own
removal in c e r t a i n ca s e s when you modify the work . ) You may p lace
add i t i o na l pe rmi s s i ons on mater ia l , added by you to a covered work ,
f o r which you have or can g ive appropr ia t e copyr ight permis s ion .

360

Notwithstanding any other p r ov i s i on o f t h i s License , f o r mate r i a l you

11
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add to a covered work , you may ( i f author i zed by the copyr ight ho lde r s o f
that mate r i a l ) supplement the terms o f t h i s L i cense with terms :

365 a ) Disc la iming warranty or l im i t i n g l i a b i l i t y d i f f e r e n t l y from the
terms o f s e c t i o n s 15 and 16 o f t h i s L i cense ; or

b) Requir ing p r e s e r va t i on o f s p e c i f i e d rea sonab l e l e g a l n o t i c e s or
author a t t r i b u t i o n s in that mate r i a l or in the Appropriate Legal

370 Not ice s d i sp l ayed by works conta in ing i t ; or

c ) Proh ib i t i ng mi s r ep r e s en ta t i on o f the o r i g i n o f that mater ia l , or
r e qu i r i n g that modi f i ed v e r s i on s o f such mate r i a l be marked in
rea sonab l e ways as d i f f e r e n t from the o r i g i n a l v e r s i on ; or

375

d) Limit ing the use f o r pub l i c i t y purposes o f names o f l i c e n s o r s or
authors o f the mate r i a l ; or

e ) Dec l in ing to grant r i g h t s under trademark law f o r use o f some
380 t rade names , trademarks , or s e r v i c e marks ; or

f ) Requir ing i ndemn i f i c a t i on o f l i c e n s o r s and authors o f that
mate r i a l by anyone who conveys the mate r i a l ( or modi f i ed v e r s i on s o f
i t ) with con t ra c tua l assumptions o f l i a b i l i t y to the r e c i p i e n t , f o r

385 any l i a b i l i t y that these con t r a c tua l assumptions d i r e c t l y impose on
those l i c e n s o r s and authors .

Al l other non−permi s s i v e add i t i ona l terms are cons ide r ed ” f u r t h e r
r e s t r i c t i o n s ” with in the meaning o f s e c t i o n 10 . I f the Program as you

390 r e c e i v ed i t , or any part o f i t , conta in s a no t i c e s t a t i n g that i t i s
governed by t h i s L i cense along with a term that i s a f u r t h e r
r e s t r i c t i o n , you may remove that term . I f a l i c e n s e document conta in s
a f u r t h e r r e s t r i c t i o n but permits r e l i c e n s i n g or conveying under t h i s
License , you may add to a covered work mate r i a l governed by the terms

395 o f that l i c e n s e document , provided that the f u r t h e r r e s t r i c t i o n does
not su rv iv e such r e l i c e n s i n g or conveying .

I f you add terms to a covered work in accord with t h i s s e c t i on , you
must place , in the r e l e van t source f i l e s , a statement o f the

400 add i t i o na l terms that apply to those f i l e s , or a no t i c e i nd i c a t i n g
where to f i nd the app l i c ab l e terms .

Addi t iona l terms , pe rmi s s i v e or non−permiss ive , may be s ta t ed in the
form o f a s epa r a t e l y wr i t t en l i c e n s e , or s ta t ed as except i on s ;

405 the above requi rements apply e i t h e r way .

8 . Termination .

You may not propagate or modify a covered work except as exp r e s s l y
410 provided under t h i s L i cense . Any attempt otherwi s e to propagate or

modify i t i s void , and w i l l automat i ca l l y terminate your r i g h t s under
t h i s L i cense ( i n c l ud ing any patent l i c e n s e s granted under the th i rd
paragraph o f s e c t i o n 11) .

415 However , i f you cease a l l v i o l a t i o n o f t h i s License , then your
l i c e n s e from a pa r t i c u l a r copyr ight ho lder i s r e i n s t a t e d ( a )
p r ov i s i o n a l l y , un l e s s and un t i l the copyr ight ho lder e x p l i c i t l y and
f i n a l l y te rminates your l i c e n s e , and (b) permanently , i f the copyr ight
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ho lder f a i l s to no t i f y you o f the v i o l a t i o n by some reasonab l e means
420 p r i o r to 60 days a f t e r the c e s s a t i o n .

Moreover , your l i c e n s e from a pa r t i c u l a r copyr ight ho lder i s
r e i n s t a t e d permanently i f the copyr ight ho lder n o t i f i e s you o f the
v i o l a t i o n by some reasonab l e means , t h i s i s the f i r s t time you have

425 r e c e i v ed no t i c e o f v i o l a t i o n o f t h i s L i cense ( f o r any work ) from that
copyr ight holder , and you cure the v i o l a t i o n p r i o r to 30 days a f t e r
your r e c e i p t o f the no t i c e .

Termination o f your r i g h t s under t h i s s e c t i o n does not terminate the
430 l i c e n s e s o f p a r t i e s who have r e c e i v ed cop i e s or r i g h t s from you under

t h i s L i cense . I f your r i g h t s have been terminated and not permanently
r e i n s t a t ed , you do not qu a l i f y to r e c e i v e new l i c e n s e s f o r the same
mate r i a l under s e c t i o n 10 .

435 9 . Acceptance Not Required f o r Having Copies .

You are not r equ i r ed to accept t h i s L i cense in order to r e c e i v e or
run a copy o f the Program . Anc i l l a r y propagat ion o f a covered work
occur r ing s o l e l y as a consequence o f us ing peer −to−peer t ransmi s s i on

440 to r e c e i v e a copy l i k ew i s e does not r e qu i r e acceptance . However ,
nothing other than t h i s L i cense grants you permis s ion to propagate or
modify any covered work . These a c t i on s i n f r i n g e copyr ight i f you do
not accept t h i s L i cense . Therefore , by modifying or propagat ing a
covered work , you i nd i c a t e your acceptance o f t h i s L i cense to do so .

445

10 . Automatic L i c ens ing o f Downstream Rec ip i en t s .

Each time you convey a covered work , the r e c i p i e n t automat i ca l l y
r e c e i v e s a l i c e n s e from the o r i g i n a l l i c e n s o r s , to run , modify and

450 propagate that work , sub j e c t to t h i s L i cense . You are not r e s p on s i b l e
f o r en f o r c i ng compliance by th i rd p a r t i e s with t h i s L i cense .

An ” en t i t y t r an sa c t i on ” i s a t r an sa c t i on t r a n s f e r r i n g con t r o l o f an
organ i za t i on , or s u b s t a n t i a l l y a l l a s s e t s o f one , or subd iv id ing an

455 organ i za t i on , or merging o r gan i z a t i on s . I f propagat ion o f a covered
work r e s u l t s from an en t i t y t ransac t i on , each party to that
t r an sa c t i on who r e c e i v e s a copy o f the work a l s o r e c e i v e s whatever
l i c e n s e s to the work the party ’ s p r edec e s s o r in i n t e r e s t had or could
g ive under the prev ious paragraph , p lus a r i g h t to po s s e s s i on o f the

460 Corresponding Source o f the work from the pr edec e s so r in i n t e r e s t , i f
the p r edec e s s o r has i t or can get i t with rea sonab l e e f f o r t s .

You may not impose any f u r t h e r r e s t r i c t i o n s on the e x e r c i s e o f the
r i g h t s granted or a f f i rmed under t h i s L i cense . For example , you may

465 not impose a l i c e n s e fee , roya l ty , or other charge f o r e x e r c i s e o f
r i g h t s granted under t h i s License , and you may not i n i t i a t e l i t i g a t i o n
( i n c l ud ing a cros s −c la im or counterc la im in a l awsu i t ) a l l e g i n g that
any patent c la im i s i n f r i n g e d by making , using , s e l l i n g , o f f e r i n g f o r
sa l e , or import ing the Program or any por t i on o f i t .

470

11 . Patents .

A ” con t r i bu to r ” i s a copyr ight ho lder who au tho r i z e s use under t h i s
L i cense o f the Program or a work on which the Program i s based . The

475 work thus l i c e n s e d i s c a l l e d the contr ibutor ’ s ” con t r i bu to r ve r s i on ” .
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A contr ibutor ’ s ” e s s e n t i a l patent c la ims ” are a l l patent c la ims
owned or c on t r o l l e d by the cont r ibutor , whether a l r eady acqu i red or
h e r e a f t e r acquired , that would be i n f r i n g e d by some manner , permitted

480 by t h i s License , o f making , using , or s e l l i n g i t s c on t r i bu to r ver s ion ,
but do not in c lude c la ims that would be i n f r i n g e d only as a
consequence o f f u r t h e r mod i f i c a t i on o f the con t r i bu to r ve r s i on . For
purposes o f t h i s d e f i n i t i o n , ” c on t r o l ” i n c l ud e s the r i g h t to grant
patent s ub l i c e n s e s in a manner c on s i s t e n t with the requi rements o f

485 t h i s L i cense .

Each con t r i bu to r grants you a non− exc lu s i v e , worldwide , roya l ty − f r e e
patent l i c e n s e under the cont r ibutor ’ s e s s e n t i a l patent c la ims , to
make , use , s e l l , o f f e r f o r sa l e , import and otherw i s e run , modify and

490 propagate the contents o f i t s c on t r i bu to r ve r s i on .

In the f o l l ow i n g three paragraphs , a ” patent l i c e n s e ” i s any expre s s
agreement or commitment , however denominated , not to en f o r c e a patent
( such as an expre s s permis s ion to p r a c t i c e a patent or covenant not to

495 sue f o r patent in f r ingement ) . To ” grant ” such a patent l i c e n s e to a
party means to make such an agreement or commitment not to en f o r c e a
patent aga in s t the party .

I f you convey a covered work , knowingly r e l y i n g on a patent l i c e n s e ,
500 and the Corresponding Source o f the work i s not a v a i l a b l e f o r anyone

to copy , f r e e o f charge and under the terms o f t h i s License , through a
pub l i c l y a v a i l a b l e network s e r v e r or other r e a d i l y a c c e s s i b l e means ,
then you must e i t h e r (1 ) cause the Corresponding Source to be so
ava i l ab l e , or (2 ) arrange to depr ive y ou r s e l f o f the b en e f i t o f the

505 patent l i c e n s e f o r t h i s p a r t i c u l a r work , or (3 ) arrange , in a manner
c on s i s t e n t with the requi rements o f t h i s License , to extend the patent
l i c e n s e to downstream r e c i p i e n t s . ”Knowingly r e l y i n g ” means you have
ac tua l knowledge that , but f o r the patent l i c e n s e , your conveying the
covered work in a country , or your r e c i p i e n t ’ s use o f the covered work

510 in a country , would i n f r i n g e one or more i d e n t i f i a b l e patents in that
country that you have reason to b e l i e v e are va l i d .

I f , pursuant to or in connect ion with a s i n g l e t r an sa c t i on or
arrangement , you convey , or propagate by procur ing conveyance of , a

515 covered work , and grant a patent l i c e n s e to some o f the p a r t i e s
r e c e i v i n g the covered work autho r i z i ng them to use , propagate , modify
or convey a s p e c i f i c copy o f the covered work , then the patent l i c e n s e
you grant i s automat i ca l l y extended to a l l r e c i p i e n t s o f the covered
work and works based on i t .

520

A patent l i c e n s e i s ” d i s c r im ina to ry ” i f i t does not in c lude with in
the scope o f i t s coverage , p r oh i b i t s the e x e r c i s e of , or i s
cond i t i oned on the non− e x e r c i s e o f one or more o f the r i g h t s that are
s p e c i f i c a l l y granted under t h i s L i cense . You may not convey a covered

525 work i f you are a party to an arrangement with a th i rd party that i s
in the bus in e s s o f d i s t r i b u t i n g software , under which you make payment
to the th i rd party based on the extent o f your a c t i v i t y o f conveying
the work , and under which the th i rd party grants , to any o f the
p a r t i e s who would r e c e i v e the covered work from you , a d i s c r im ina to ry

530 patent l i c e n s e ( a ) in connect ion with cop i e s o f the covered work
conveyed by you ( or cop i e s made from those cop i e s ) , or (b) p r imar i l y
f o r and in connect ion with s p e c i f i c products or compi l a t i ons that
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conta in the covered work , un l e s s you entered in to that arrangement ,
or that patent l i c e n s e was granted , p r i o r to 28 March 2007 .

535

Nothing in t h i s L i cense s h a l l be construed as exc lud ing or l im i t i n g
any impl i ed l i c e n s e or other de f en s e s to in f r ingement that may
otherwi s e be a v a i l a b l e to you under app l i c ab l e patent law .

540 12 . No Surrender o f Others ’ Freedom .

I f c ond i t i on s are imposed on you ( whether by court order , agreement or
otherwi s e ) that con t r ad i c t the cond i t i on s o f t h i s License , they do not
excuse you from the cond i t i on s o f t h i s L i cense . I f you cannot convey a

545 covered work so as to s a t i s f y s imul taneous ly your o b l i g a t i o n s under t h i s
L i cense and any other pe r t i n en t ob l i g a t i on s , then as a consequence you may
not convey i t at a l l . For example , i f you agree to terms that ob l i g a t e you
to c o l l e c t a roya l ty f o r f u r t h e r conveying from those to whom you convey
the Program , the only way you could s a t i s f y both those terms and t h i s

550 License would be to r e f r a i n e n t i r e l y from conveying the Program .

13 . Use with the GNU Af fe ro General Publ ic L i cense .

Notwithstanding any other p r ov i s i on o f t h i s License , you have
555 permis s ion to l i n k or combine any covered work with a work l i c e n s e d

under ve r s i on 3 o f the GNU Af f e ro General Publ ic L i cense in to a s i n g l e
combined work , and to convey the r e s u l t i n g work . The terms o f t h i s
L i cense w i l l cont inue to apply to the part which i s the covered work ,
but the s p e c i a l requ i rements o f the GNU Af fe ro General Publ ic License ,

560 s e c t i o n 13 , concern ing i n t e r a c t i o n through a network w i l l apply to the
combination as such .

14 . Revised Vers ions o f t h i s L i cense .

565 The Free Software Foundation may pub l i sh r e v i s ed and/or new ve r s i on s o f
the GNU General Publ ic L i cense from time to time . Such new ve r s i on s w i l l
be s im i l a r in s p i r i t to the pre sent ver s ion , but may d i f f e r in d e t a i l to
address new problems or concerns .

570 Each ve r s i on i s g iven a d i s t i n g u i s h i n g ve r s i on number . I f the
Program s p e c i f i e s that a c e r t a i n numbered ve r s i on o f the GNU General
Publ ic L i cense ” or any l a t e r v e r s i on ” app l i e s to i t , you have the
opt ion o f f o l l ow i ng the terms and cond i t i on s e i t h e r o f that numbered
ve r s i on or o f any l a t e r v e r s i on publ i shed by the Free Software

575 Foundation . I f the Program does not s p e c i f y a ve r s i on number o f the
GNU General Publ ic License , you may choose any ve r s i on ever publ i shed
by the Free Software Foundation .

I f the Program s p e c i f i e s that a proxy can dec ide which fu tu r e
580 v e r s i on s o f the GNU General Publ ic L i cense can be used , that proxy ’ s

pub l i c statement o f acceptance o f a ve r s i on permanently au tho r i z e s you
to choose that ve r s i on f o r the Program .

Later l i c e n s e v e r s i on s may g ive you add i t i ona l or d i f f e r e n t
585 permi s s i ons . However , no add i t i o na l o b l i g a t i o n s are imposed on any

author or copyr ight ho lder as a r e s u l t o f your choos ing to f o l l ow a
l a t e r v e r s i on .

15 . D i sc la imer o f Warranty .
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590

THERE IS NO WARRANTY FOR THE PROGRAM, TO THE EXTENT PERMITTED BY
APPLICABLE LAW. EXCEPT WHEN OTHERWISE STATED IN WRITING THE COPYRIGHT
HOLDERS AND/OR OTHER PARTIES PROVIDE THE PROGRAM ”AS IS” WITHOUT WARRANTY
OF ANY KIND, EITHER EXPRESSED OR IMPLIED, INCLUDING, BUT NOT LIMITED TO,

595 THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE. THE ENTIRE RISK AS TO THE QUALITY AND PERFORMANCE OF THE PROGRAM
IS WITH YOU. SHOULD THE PROGRAM PROVE DEFECTIVE, YOU ASSUME THE COST OF
ALL NECESSARY SERVICING, REPAIR OR CORRECTION.

600 16 . L imi tat ion o f L i a b i l i t y .

IN NO EVENT UNLESS REQUIRED BY APPLICABLE LAW OR AGREED TO IN WRITING
WILL ANY COPYRIGHT HOLDER, OR ANY OTHER PARTY WHO MODIFIES AND/OR CONVEYS
THE PROGRAM AS PERMITTED ABOVE, BE LIABLE TO YOU FOR DAMAGES, INCLUDING ANY

605 GENERAL, SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES ARISING OUT OF THE
USE OR INABILITY TO USE THE PROGRAM (INCLUDING BUT NOT LIMITED TO LOSS OF
DATA OR DATA BEING RENDERED INACCURATE OR LOSSES SUSTAINED BY YOU OR THIRD
PARTIES OR A FAILURE OF THE PROGRAM TO OPERATE WITH ANY OTHER PROGRAMS) ,
EVEN IF SUCH HOLDER OR OTHER PARTY HAS BEEN ADVISED OF THE POSSIBILITY OF

610 SUCH DAMAGES.

17 . I n t e r p r e t a t i o n o f Se c t i on s 15 and 16 .

I f the d i s c l a ime r o f warranty and l im i t a t i o n o f l i a b i l i t y provided
615 above cannot be g iven l o c a l l e g a l e f f e c t accord ing to t h e i r terms ,

r ev i ewing cour t s s h a l l apply l o c a l law that most c l o s e l y approximates
an abso lu t e waiver o f a l l c i v i l l i a b i l i t y in connect ion with the
Program , un l e s s a warranty or assumption o f l i a b i l i t y accompanies a
copy o f the Program in return f o r a f e e .

620

END OF TERMS AND CONDITIONS

How to Apply These Terms to Your New Programs

625 I f you develop a new program , and you want i t to be o f the g r e a t e s t
p o s s i b l e use to the publ ic , the bes t way to ach ieve t h i s i s to make i t
f r e e so f tware which everyone can r e d i s t r i b u t e and change under these terms .

To do so , attach the f o l l ow i n g no t i c e s to the program . I t i s s a f e s t
630 to attach them to the s t a r t o f each source f i l e to most e f f e c t i v e l y

s t a t e the ex c l u s i on o f warranty ; and each f i l e should have at l e a s t
the ” copyr ight ” l i n e and a po in t e r to where the f u l l no t i c e i s found .

<one l i n e to g ive the program ’ s name and a b r i e f idea o f what i t does .>
635 Copyright (C) <year> <name o f author>

This program i s f r e e so f tware : you can r e d i s t r i b u t e i t and/ or modify
i t under the terms o f the GNU General Publ ic L i cense as publ i shed by
the Free Software Foundation , e i t h e r v e r s i on 3 o f the License , or

640 ( at your opt ion ) any l a t e r v e r s i on .

This program i s d i s t r i b u t e d in the hope that i t w i l l be use fu l ,
but WITHOUT ANY WARRANTY; without even the impl i ed warranty o f
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the

645 GNU General Publ ic L i cense f o r more d e t a i l s .
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You should have r e c e i v ed a copy o f the GNU General Publ ic L i cense
along with t h i s program . I f not , s e e <http ://www. gnu . org / l i c e n s e s />.

650 Also add in fo rmat ion on how to contact you by e l e c t r o n i c and paper mail .

I f the program does te rmina l i n t e r a c t i on , make i t output a shor t
no t i c e l i k e t h i s when i t s t a r t s in an i n t e r a c t i v e mode :

655 <program> Copyright (C) <year> <name o f author>
This program comes with ABSOLUTELY NO WARRANTY; f o r d e t a i l s type ‘ show w’ .
This i s f r e e so f tware , and you are welcome to r e d i s t r i b u t e i t
under c e r t a i n cond i t i on s ; type ‘ show c ’ f o r d e t a i l s .

660 The hypo the t i c a l commands ‘ show w’ and ‘ show c ’ should show the appropr ia t e
par t s o f the General Publ ic L i cense . Of course , your program ’ s commands
might be d i f f e r e n t ; f o r a GUI i n t e r f a c e , you would use an ”about box ” .

You should a l s o get your employer ( i f you work as a programmer ) or schoo l ,
665 i f any , to s i gn a ” copyr ight d i s c l a ime r ” f o r the program , i f nece s sa ry .

For more in fo rmat ion on th i s , and how to apply and f o l l ow the GNU GPL, see
<http ://www. gnu . org / l i c e n s e s />.

The GNU General Publ ic L i cense does not permit i n co rpo ra t i ng your program
670 i n to p rop r i e t a ry programs . I f your program i s a subrout ine l i b r a ry , you

may cons id e r i t more u s e f u l to permit l i n k i n g p rop r i e t a ry app l i c a t i o n s with
the l i b r a r y . I f t h i s i s what you want to do , use the GNU Lesse r General
Publ ic L i cense in s t ead o f t h i s L i cense . But f i r s t , p l e a s e read
<http ://www. gnu . org / phi losophy /why−not− l g p l . html>.

4 .gitignore

s r c / f r a c t a l −channel −hopping
s r c /∗ . f r a g . c
photo/ f r a c t a l −photo−mosaic
g e t i p l a y e r

5 rtmpdump
tmp
∗ . ogv
∗ .m2v
∗ . wav

10 ∗ .mp2
∗ .mkv
∗ . data
∗ .mp4
∗ .mpeg

15 ∗ .webm

5 NEWS

v6 play v ideos from f o l d e r s
v5 f i x f o r get − i p l a y e r mode name changes
v4 mplayer s imp l i f i e d s t u f f
v3 graph i c s speed boost e t c

5 v2 pre l im inary sound mixing
v1 f i r s t pub l i c i s e d ve r s i on
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6 photo/fractal-photo-mosaic.c

#inc lude <a s s e r t . h>
#inc lude <math . h>
#inc lude <s t d i o . h>
#inc lude <s t d l i b . h>

5 #inc lude <GL/glew . h>
#inc lude <GLFW/gl fw3 . h>

#de f i n e COUNT (103+1)
#de f i n e WIDTH 1920

10 #de f i n e HEIGHT 1080

s t a t i c unsigned char raw [COUNT] [HEIGHT ] [WIDTH] [ 3 ] ;
s t a t i c unsigned char raw16 [COUNT] [ 1 6 ] [ 1 6 ] [ 3 ] ;

15 s t a t i c double lab16 [COUNT] [ 1 6 ] [ 1 6 ] [ 3 ] ;
s t a t i c double lab2 [COUNT] [ 2 ] [ 2 ] [ 3 ] ;

s t a t i c f l o a t graph [COUNT] [ 8 ] [ 8 ] ;

20 s t a t i c i n t v i s i t e d [COUNT] ;

s t a t i c unsigned char out [HEIGHT ] [WIDTH] [ 3 ] ;

s t a t i c const char ∗ ver t =
25 ”#ve r s i on 400 core \n”

”uniform vec2 de l t a ;\n”
”uniform f l o a t zoom ;\n”
” layout ( l o c a t i o n = 0) in vec2 pos ;\n”
” layout ( l o c a t i o n = 1) in vec2 tc ;\n”

30 ”out vec2 c ;\n”
” void main ( ) {\n”
” g l P o s i t i o n = vec4 (zoom ∗ ( pos − de l t a ) + de l ta , 0 . 0 , 1 . 0 ) ;\n”
” c = vec2 ( tc . x , 1 . 0 − tc . y ) ;\n”
”}\n”

35 ;

s t a t i c const char ∗ f r a g =
”#ve r s i on 400 core \n”
”uniform sampler2DArray tex ;\n”

40 ”uniform sampler2DArray map;\n”
”uniform in t ix ;\n”
”uniform vec3 blend ;\n”
” in vec2 c ;\n”
” layout ( l o c a t i o n = 0) out vec3 co l our ;\n”

45 ” void main ( ) {\n”
” f l o a t l = textureQueryLod ( tex , c ) . y ;\n”
” vec3 p0 = vec3 ( c , f l o a t ( i x ) ) ;\n”
” vec3 p1 = vec3 ( 8 . 0 ∗ p0 . xy , t ex ture (map, p0 ) . x ) ;\n”
” p1 . xy −= f l o o r ( p1 . xy ) ;\n”

50 ” vec3 p2 = vec3 ( 8 . 0 ∗ p1 . xy , t ex ture (map, p1 ) . x ) ;\n”
” p2 . xy −= f l o o r ( p2 . xy ) ;\n”
” vec3 sum = vec3 ( 0 . 0 ) ;\n”
” sum += textureLod ( tex , p0 , l ) . rgb ∗ blend . x ;\n”
” sum += textureLod ( tex , p1 , l + 3) . rgb ∗ blend . y ;\n”

55 ” sum += textureLod ( tex , p2 , l + 6) . rgb ∗ blend . z ;\n”

18
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” co l our = sum ;\n”
”}\n”
;

60 s t a t i c void debug program (GLuint program , const char ∗name) {
i f ( program ) {

GLint l i nked = GL FALSE;
glGetProgramiv ( program , GL LINK STATUS, &l inked ) ;
i f ( l i nked != GL TRUE) {

65 f p r i n t f ( s tde r r , ”%s : OpenGL shader program l i n k f a i l e d \n” , name) ;
}
GLint l ength = 0 ;
glGetProgramiv ( program , GL INFO LOG LENGTH, &length ) ;
char ∗ bu f f e r = ( char ∗) mal loc ( l ength + 1) ;

70 glGetProgramInfoLog ( program , length , 0 , bu f f e r ) ;
bu f f e r [ l ength ] = 0 ;
i f ( bu f f e r [ 0 ] ) {

f p r i n t f ( s tde r r , ”%s : OpenGL shader program in f o l og \n” , name) ;
f p r i n t f ( s tde r r , ”%s \n” , bu f f e r ) ;

75 }
f r e e ( bu f f e r ) ;
a s s e r t ( l i nked == GL TRUE) ;

} e l s e {
f p r i n t f ( s tde r r , ”%s : OpenGL shader program c r e a t i on f a i l e d \n” , name) ;

80 }
}

s t a t i c void debug shader (GLuint shader , GLenum type , const char ∗name) {
const char ∗tname = 0 ;

85 switch ( type ) {
case GL VERTEX SHADER: tname = ” vertex ” ; break ;
case GL FRAGMENT SHADER: tname = ” fragment ” ; break ;
case GL COMPUTE SHADER: tname = ”compute ” ; break ;
d e f au l t : tname = ”unknown ” ; break ;

90 }
i f ( shader ) {

GLint compiled = GL FALSE;
g lGetShader iv ( shader , GL COMPILE STATUS, &compiled ) ;
i f ( compiled != GL TRUE) {

95 f p r i n t f ( s tde r r , ”%s : OpenGL %s shader compi le f a i l e d \n” , name , tname ) ;
}
GLint l ength = 0 ;
g lGetShader iv ( shader , GL INFO LOG LENGTH, &length ) ;
char ∗ bu f f e r = ( char ∗) mal loc ( l ength + 1) ;

100 glGetShaderInfoLog ( shader , length , 0 , bu f f e r ) ;
bu f f e r [ l ength ] = 0 ;
i f ( bu f f e r [ 0 ] ) {

f p r i n t f ( s tde r r , ”%s : OpenGL %s shader i n f o l og \n” , name , tname ) ;
f p r i n t f ( s tde r r , ”%s \n” , bu f f e r ) ;

105 }
f r e e ( bu f f e r ) ;
a s s e r t ( compiled == GL TRUE) ;

} e l s e {
f p r i n t f ( s tde r r , ”%s : OpenGL %s shader c r e a t i on f a i l e d \n” , name , tname ) ;

110 }
}

19



fractal-channel-hopping photo/fractal-photo-mosaic.c

s t a t i c void compi l e shader (GLint program , GLenum type , const char ∗name , const ⤦
Ç GLchar ∗ source ) {

GLuint shader = glCreateShader ( type ) ;
115 glShaderSource ( shader , 1 , &source , 0) ;

glCompileShader ( shader ) ;
debug shader ( shader , type , name) ;
glAttachShader ( program , shader ) ;
g lDe le teShader ( shader ) ;

120 }

s t a t i c GLint compile program ( const char ∗name , const GLchar ∗vert , const GLchar ⤦
Ç ∗ f r a g ) {

GLint program = glCreateProgram ( ) ;
i f ( ve r t ) { compi l e shader ( program , GL VERTEX SHADER , name , ve r t ) ; }

125 i f ( f r a g ) { compi l e shader ( program , GL FRAGMENT SHADER, name , f r a g ) ; }
glLinkProgram ( program ) ;
debug program ( program , name) ;
r e turn program ;

}
130 s t a t i c double xyz2 l ab f ( double t )

{
s t a t i c const double e = 0 .008856 ;
s t a t i c const double k = 903 . 3 ;
i f ( t > e )

135 re turn cbrt ( t ) ;
e l s e

re turn (k ∗ t + 16) / 116 ;
}
s t a t i c void xyz2lab ( double x , double y , double z , double ∗ l , double ∗a , double ∗⤦

Ç b)
140 {

s t a t i c const double xn = 0 .95047 ;
s t a t i c const double yn = 1 .00000 ;
s t a t i c const double zn = 1 .08883 ;
x /= xn ;

145 y /= yn ;
z /= zn ;
x = xyz2 l ab f ( x ) ;
y = xyz2 l ab f ( y ) ;
z = xyz2 l ab f ( z ) ;

150 ∗ l = 116 ∗ y − 16 ;
∗a = 500 ∗ ( x − y ) ;
∗b = 200 ∗ ( y − z ) ;

}

155 s t a t i c double s r gb2xyz f ( double c )
{

i f ( c < 0 .04045)
re turn c / 12 . 9 2 ;

e l s e
160 re turn pow( ( c + 0 .055 ) / 1 .055 , 2 . 4 ) ;

}
s t a t i c void srgb2xyz ( double r , double g , double b , double ∗x , double ∗y , double ⤦

Ç ∗z )
{

s t a t i c const double m[ 3 ] [ 3 ] =
165 { { 0 .4124 , 0 .3576 , 0 .1805 }
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, { 0 .2126 , 0 .7152 , 0 .0722 }
, { 0 .0193 , 0 .1192 , 0 .9505 }
} ;

r = s rgb2xyz f ( r ) ;
170 g = s rgb2xyz f ( g ) ;

b = s rgb2xyz f (b) ;
∗x = m[ 0 ] [ 0 ] ∗ r + m[ 0 ] [ 1 ] ∗ g + m[ 0 ] [ 2 ] ∗ b ;
∗y = m[ 1 ] [ 0 ] ∗ r + m[ 1 ] [ 1 ] ∗ g + m[ 1 ] [ 2 ] ∗ b ;
∗z = m[ 2 ] [ 0 ] ∗ r + m[ 2 ] [ 1 ] ∗ g + m[ 2 ] [ 2 ] ∗ b ;

175 }

s t a t i c void s rgb2 lab ( double r , double g , double b , double ∗ l , double ∗a , double ⤦
Ç ∗bb)

{
180 double x , y , z ;

srgb2xyz ( r , g , b , &x , &y , &z ) ;
xyz2lab (x , y , z , l , a , bb ) ;

}

185

extern i n t main ( )
{

srand (0 x1cedca fe ) ;

190 FILE ∗ fraw = fopen (” image . data ” , ” rb ”) ;
f r ead (&raw [ 0 ] [ 0 ] [ 0 ] [ 0 ] , (COUNT−1) ∗ WIDTH ∗ HEIGHT ∗ 3 , 1 , fraw ) ;
f c l o s e ( fraw ) ;

fraw = fopen (” thumbs . data ” , ” rb ”) ;
195 f r ead (&raw16 [ 0 ] [ 0 ] [ 0 ] [ 0 ] , (COUNT−1) ∗ 16 ∗ 16 ∗ 3 , 1 , fraw ) ;

f c l o s e ( fraw ) ;

g l fw I n i t ( ) ;
glfwWindowHint (GLFWCONTEXTVERSIONMAJOR, 4) ;

200 glfwWindowHint (GLFWCONTEXT VERSIONMINOR, 0) ;
glfwWindowHint (GLFWOPENGLFORWARDCOMPAT, GL TRUE) ;
glfwWindowHint (GLFW OPENGL PROFILE, GLFWOPENGL CORE PROFILE) ;
glfwWindowHint (GLFWOPENGLDEBUGCONTEXT, GL TRUE) ;
glfwWindowHint (GLFW RESIZABLE, GL FALSE) ;

205 GLFWwindow ∗window = glfwCreateWindow (WIDTH, HEIGHT, ” f r a c t a l i z e ” , 0 , 0) ;
glfwMakeContextCurrent (window) ;
i f ( ! window) {

f p r i n t f ( s tde r r , ” g l fw \n”) ;
r e turn 1 ;

210 }
g l ew In i t ( ) ;

GLuint program = compile program (” shader ” , vert , f r a g ) ;
glUseProgram ( program ) ;

215 GLint utex = glGetUniformLocation ( program , ” tex ”) ;
GLint umap = glGetUniformLocation ( program , ”map”) ;
GLint uix = glGetUniformLocation ( program , ” ix ”) ;
GLint uzoom = glGetUniformLocation ( program , ”zoom”) ;
GLint ude l ta = glGetUniformLocation ( program , ” de l t a ”) ;

220 GLint ublend = glGetUniformLocation ( program , ”blend ”) ;
g lUni form1i ( utex , 0) ;
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g lUni form1i (umap , 1) ;

GLuint vao ;
225 glGenVertexArrays (1 , &vao ) ;

glBindVertexArray ( vao ) ;
GLuint vbo ;
g lGenBuf fers (1 , &vbo ) ;
g lB indBuf f e r (GL ARRAY BUFFER, vbo ) ;

230 GLfloat vbo data [ ] =
{ −1 , −1 , 0 , 0
, −1 , 1 , 0 , 1
, 1 , −1 , 1 , 0
, 1 , 1 , 1 , 1

235 } ;
g lBuf fe rData (GL ARRAY BUFFER, 16 ∗ s i z e o f ( GLfloat ) , vbo data , GL STATIC DRAW) ;
g lVer t exAtt r ibPo in te r (0 , 2 , GL FLOAT, GL FALSE, 4 ∗ s i z e o f ( GLfloat ) , 0) ;
g lVer t exAtt r ibPo in te r (1 , 2 , GL FLOAT, GL FALSE, 4 ∗ s i z e o f ( GLfloat ) , ( ( char ∗)⤦

Ç 0) + 2 ∗ s i z e o f ( GLfloat ) ) ;
g lEnableVertexAttr ibArray (0 ) ;

240 glEnableVertexAttr ibArray (1 ) ;

GLuint tex [ 2 ] ;
glGenTextures (2 , &tex [ 0 ] ) ;

245 g lAct iveTexture (GL TEXTURE0 + 0) ;
glBindTexture (GL TEXTURE 2D ARRAY, tex [ 0 ] ) ;
glTexImage3D (GL TEXTURE 2D ARRAY, 0 , GL RGB, WIDTH, HEIGHT, COUNT, 0 , GL RGB, ⤦

Ç GL UNSIGNED BYTE, &raw [ 0 ] [ 0 ] [ 0 ] [ 0 ] ) ;
glGenerateMipmap (GL TEXTURE 2D ARRAY) ;
glTexParameteri (GL TEXTURE 2D ARRAY, GL TEXTURE MIN FILTER, ⤦

Ç GL LINEAR MIPMAP LINEAR) ;
250 glTexParameteri (GL TEXTURE 2D ARRAY, GL TEXTURE MAG FILTER, GL LINEAR) ;

glTexParameteri (GL TEXTURE 2D ARRAY, GL TEXTURE WRAP S, GL CLAMP TO EDGE) ;
glTexParameteri (GL TEXTURE 2D ARRAY, GL TEXTUREWRAP T, GL CLAMP TO EDGE) ;

f o r ( i n t k = 0 ; k < COUNT − 1 ; ++k)
255 f o r ( i n t j = 0 ; j < 16 ; ++j )

f o r ( i n t i = 0 ; i < 16 ; ++i )
s rgb2 lab ( raw16 [ k ] [ j ] [ i ] [ 0 ] / 2 5 5 . 0 , raw16 [ k ] [ j ] [ i ] [ 1 ] / 2 5 5 . 0 , raw16 [ k ] [ j ] [ i⤦

Ç ] [ 2 ] / 2 5 5 . 0 , &lab16 [ k ] [ j ] [ i ] [ 0 ] , &lab16 [ k ] [ j ] [ i ] [ 1 ] , &lab16 [ k ] [ j ] [ i⤦
Ç ] [ 2 ] ) ;

f o r ( i n t k = 0 ; k < COUNT − 1 ; ++k)
260 f o r ( i n t j = 0 ; j < 2 ; ++j )

f o r ( i n t i = 0 ; i < 2 ; ++i )
{

double l = 0 ;
double a = 0 ;

265 double b = 0 ;
f o r ( i n t j j = 0 ; j j < 8 ; ++j j )
f o r ( i n t i i = 0 ; i i < 8 ; ++i i )
{

l += lab16 [ k ] [ 8 ∗ j + j j ] [ 8 ∗ i + i i ] [ 0 ] ;
270 a += lab16 [ k ] [ 8 ∗ j + j j ] [ 8 ∗ i + i i ] [ 1 ] ;

b += lab16 [ k ] [ 8 ∗ j + j j ] [ 8 ∗ i + i i ] [ 2 ] ;
}
l /= 8 ∗ 8 ;
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a /= 8 ∗ 8 ;
275 b /= 8 ∗ 8 ;

lab2 [ k ] [ j ] [ i ] [ 0 ] = l ;
lab2 [ k ] [ j ] [ i ] [ 1 ] = a ;
lab2 [ k ] [ j ] [ i ] [ 2 ] = b ;

}
280

f o r ( i n t k = 0 ; k < COUNT − 1 ; ++k)
f o r ( i n t j = 0 ; j < 8 ; ++j )
f o r ( i n t i = 0 ; i < 8 ; ++i )
{

285 double min metr ic = 1 .0 / 0 . 0 ;
i n t min index = −1;
f o r ( i n t kk = 0 ; kk < COUNT − 1 ; ++kk )
{

i f ( kk == k) cont inue ;
290 double s = 0 ;

f o r ( i n t j j = 0 ; j j < 2 ; ++j j )
f o r ( i n t i i = 0 ; i i < 2 ; ++i i )
f o r ( i n t c = 0 ; c < 3 ; ++c )
{

295 double x = lab16 [ k ] [ 2 ∗ j + j j ] [ 2 ∗ i + i i ] [ c ] ;
double y = lab2 [ kk ] [ j j ] [ i i ] [ c ] ;
double d = x − y ;
s += d ∗ d ;

}
300 i f ( s < min metr ic )

{
min metr ic = s ;
min index = kk ;

}
305 }

graph [ k ] [ j ] [ i ] = min index ;
}
f o r ( i n t j = 0 ; j < 8 ; ++j )
f o r ( i n t i = 0 ; i < 8 ; ++i )

310 graph [COUNT − 1 ] [ j ] [ i ] = 0 ;

g lAct iveTexture (GL TEXTURE0 + 1) ;
glBindTexture (GL TEXTURE 2D ARRAY, tex [ 1 ] ) ;
glTexImage3D (GL TEXTURE 2D ARRAY, 0 , GL R32F , 8 , 8 , COUNT, 0 , GL RED, GL FLOAT⤦

Ç , &graph [ 0 ] [ 0 ] [ 0 ] ) ;
315 glTexParameteri (GL TEXTURE 2D ARRAY, GL TEXTURE MIN FILTER, GL NEAREST) ;

glTexParameteri (GL TEXTURE 2D ARRAY, GL TEXTURE MAG FILTER, GL NEAREST) ;
glTexParameteri (GL TEXTURE 2D ARRAY, GL TEXTURE WRAP S, GL CLAMP TO EDGE) ;
glTexParameteri (GL TEXTURE 2D ARRAY, GL TEXTUREWRAP T, GL CLAMP TO EDGE) ;

320 i n t i x = COUNT−1;
i n t zoomi = 4 ;
i n t zoomj = 4 ;
i n t speed = 150 ;
double bdx = 0 , bdy = 0 ;

325 f o r ( i n t frame = 1 ; frame <= 15 ∗ 60 ∗ 60 ; ++frame )
{

i f ( ( frame % speed ) == 0)
{

i x = graph [ i x ] [ zoomj ] [ zoomi ] ;

23



fractal-channel-hopping photo/fractal-photo-mosaic.c

330 i n t mi = 0 x 7 f f f f f f f ;
f o r ( i n t j = 0 ; j < 8 ; ++j )
f o r ( i n t i = 0 ; i < 8 ; ++i )
{

i n t k = graph [ i x ] [ j ] [ i ] ;
335 i n t m = v i s i t e d [ k ] ;

mi = m < mi ? m : mi ;
}
i n t n = 0 ;
f o r ( i n t j = 0 ; j < 8 ; ++j )

340 f o r ( i n t i = 0 ; i < 8 ; ++i )
{

i n t k = graph [ i x ] [ j ] [ i ] ;
i n t m = v i s i t e d [ k ] ;
n += mi == m;

345 }
i n t co in = rand ( ) % n ;
n = 0 ;
f o r ( i n t j = 0 ; j < 8 ; ++j )
f o r ( i n t i = 0 ; i < 8 ; ++i )

350 {
i n t k = graph [ i x ] [ j ] [ i ] ;
i n t m = v i s i t e d [ k ] ;
i f (mi == m)
{

355 i f ( co in == n)
{

zoomj = j ;
zoomi = i ;
v i s i t e d [ k ] += 1 ;

360 }
n += 1 ;

}
}

}
365 // zoom blending

double k = ( ( frame % speed ) + 0 . 5 ) / speed ;
double zoom = pow(8 , k ) ; // hardcoded power − g r id s i z e . . .
double blend2 = 1 − cos (2 ∗ 3.141592653 ∗ ( k + 0) / 3) ;
double blend1 = 1 − cos (2 ∗ 3.141592653 ∗ ( k + 1) / 3) ;

370 double blend0 = 1 − cos (2 ∗ 3.141592653 ∗ ( k + 2) / 3) ;
double b lendt = blend0 + blend1 + blend2 ;
blend0 /= blendt ;
blend1 /= blendt ;
blend2 /= blendt ;

375 double dx = zoomi ∗ 8 / (8 − 1 . 0 ) ;
double dy = 8 − zoomj ∗ 8 / (8 − 1 . 0 ) ;
dx /= 4 ;
dy /= 4 ;
dx −= 1 ;

380 dy −= 1 ;
bdx ∗= 0 . 9 5 ;
bdy ∗= 0 . 9 5 ;
bdx += 0.05 ∗ dx ;
bdy += 0.05 ∗ dy ;

385 g lUni form1i ( uix , i x ) ;
g lUni form1f (uzoom , zoom) ;
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g lUni form2f ( udelta , bdx , bdy ) ;
g lUni form3f ( ublend , blend0 , blend1 , blend2 ) ;
glDrawArrays (GL TRIANGLE STRIP, 0 , 4) ;

390 gl fwSwapBuffers (window) ;
g lReadPixe l s (0 , 0 , WIDTH, HEIGHT, GL RGB, GL UNSIGNED BYTE, &out [ 0 ] [ 0 ] [ 0 ] ) ;
p r i n t f (”P6\n%d %d\n255\n” , WIDTH, HEIGHT) ;
f o r ( i n t j = HEIGHT − 1 ; j >= 0 ; −− j )
{

395 fw r i t e (&out [ j ] [ 0 ] [ 0 ] , WIDTH ∗ 3 , 1 , s tdout ) ;
}
f f l u s h ( stdout ) ;

}
re turn 0 ;

400 }

7 photo/Makefile

f r a c t a l −photo−mosaic : f r a c t a l −photo−mosaic . c
gcc −std=c99 −Wall −Wextra −pedant ic −O3 −o f r a c t a l −photo−mosaic f r a c t a l ⤦

Ç −photo−mosaic . c − l g l fw −lGL −lGLEW −lm

8 photo/prepare.sh

#!/bin / sh
f o r i in ∗ . jpeg ∗ . png
do

convert ”${ i }” −geometry 1920 x1080ˆ −g rav i ty cente r ⤦
Ç −extent 1920 x1080 −blur 0x32 ”/tmp⤦
Ç /background . png”

5 convert ”${ i }” −geometry 1920 x1080 −g rav i ty cente r −alpha opaque −background ⤦
Ç t ransparent −extent 1920 x1080 ”/tmp/ foreground . png”

composite −compose Over −g rav i ty cente r ”/tmp/ foreground . png” ”/tmp/background⤦
Ç . png” ”${ i } .ppm”

done
f o r i in ∗ .ppm
do

10 cat ”${ i }” | t a i l −c $ ( (1920 ∗ 1080 ∗ 3) )
done > image . data
f o r i in ∗ .ppm
do

convert ”${ i }” −geometry ’16 x16 ! ’ ”/tmp/thumb .ppm”
15 cat ”/tmp/thumb .ppm” | t a i l −c $ ( (16 ∗ 16 ∗ 3) )

done > thumbs . data

9 photo/README.md

f r a c t a l −photo−mosaic
====================

render a zooming f r a c t a l v ideo from a c o l l e c t i o n o f images
5

usage
−−−−−

mkdir images
10 cd images

25
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wget ∗ . jpeg ∗ . png # needs exac t l y 103 images to ta l , TODO FIXME hardcoding
. . / prepare . sh
cd . .
ln −s images / image . data

15 ln −s images /thumbs . data
make
. / f r a c t a l −photo−mosaic |
f fmpeg − i soundtrack . wav − f image2pipe −codec ppm − f ramerate 60 − i − \
−pix fmt yuv420p − p r o f i l e : v high − l e v e l : v 4 .1 −b : v 20M −b : a 192k \

20 f r a c t a l −photo−mosaic .mkv

10 README

QUICK START

# get a computer with graph i c s d r i v e r s support ing OpenGL/GLSL 130
# on Debian−based systems ( you might need multimedia r e p o s i t o r i e s )

5 sudo apt i n s t a l l \
bui ld − e s s e n t i a l \
l i b g l ew1 .5−dev \
f r e e g l u t 3 −dev \
l i b j a c k − jackd2 −dev \

10 jackd \
mjpegtoo l s \
mplayer \
f fmpeg

# get the source , i f you ’ re read ing t h i s you probably a l r eady have
15 g i t c l one http :// code . mathr . co . uk/ f r a c t a l −channel −hopping . g i t

cd f r a c t a l −channel −hopping/
g i t tag − ln99
g i t checkout v6 # or a d i f f e r e n t tag
# prepare v ideos

20 mkdir v
cd v
ln −s /path/ to /some/ v ideos / ”Channel 01”
ln −s /path/ to /more/ v ideos / ”Channel 02”
# etc , up to 12 channe l s

25 # s t a r t JACK se rv e r
. . / s t a r t . sh
# watch tv
# ’ Sh i f t −R’ to s t a r t / stop r e co rd ing
# ’F11 ’ f u l l s c r e e n

30 # ’ Sh i f t −Q’ or ’ESC’ to qu i t

NOTES

be pa t i en t during s ta r tup ( takes a few seconds )
35 sometimes i t doesn ’ t qu i t c l ean ly , ” k i l l a l l mplayer” perhaps

t e s t ed with NVIDIA prop r i e t a ry d r i v e r s and AMD open source d r i v e r s
r e co rd ing i s in PAL DVD format ( .mpeg)

11 src/channel.c

/∗
f r a c t a l −channel −hopping −− i n f i n i t e f r a c t a l t e l e v i s i o n zoom
Copyright (C) 2011 ,2015 ,2019 Claude Heiland −Allen
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5 This program i s f r e e so f tware : you can r e d i s t r i b u t e i t and/ or modify
i t under the terms o f the GNU General Publ ic L i cense as publ i shed by
the Free Software Foundation , e i t h e r v e r s i on 3 o f the License , or
( at your opt ion ) any l a t e r v e r s i on .

10 This program i s d i s t r i b u t e d in the hope that i t w i l l be use fu l ,
but WITHOUT ANY WARRANTY; without even the impl i ed warranty o f
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the
GNU General Publ ic L i cense f o r more d e t a i l s .

15 You should have r e c e i v ed a copy o f the GNU General Publ ic L i cense
along with t h i s program . I f not , s e e <http ://www. gnu . org / l i c e n s e s />.

∗/

#de f i n e DEFAULT SOURCE
20

#inc lude <pthread . h>
#inc lude <s t d i o . h>
#inc lude <s t d l i b . h>
#inc lude <s t r i n g . h>

25 #inc lude <uni s td . h>

#inc lude ” c on f i g . h”
#inc lude ” channel . h”

30 void ∗ channel main ( void ∗ arg ) {
s t r u c t channel ∗ channel = arg ;
i f ( channel−>width == 256 && channel−>he ight == 256) {

i n t bytes = 256 ∗ 256 + 128 ∗ 128 ∗ 2 ;
const char ∗ fmt = ”mplayer −qu i e t − r e a l l y −qu i e t − loop 0 − s h u f f l e −aspect 1/1⤦

Ç −vf s c a l e =256:256 −ao ’ jack : name=%s : port=fch .∗% s [1 −2 ] ’ −vo ’ yuv4mpeg⤦
Ç : f i l e=tmp/%s . f i f o ’ − f i xed −vo ’%s / ’∗ .mp4 >’tmp/%s . mplayer . log ’ 2>&1 & ⤦
Ç cat ’ tmp/%s . f i f o ’ ” ;

35 i n t cmdlen = s t r l e n ( fmt ) + 6 ∗ s t r l e n ( channel−>name) + 64 ;
char ∗cmd = malloc ( cmdlen ) ;
s np r i n t f (cmd , cmdlen − 2 , fmt , channel−>name , channel−>name , channel−>name , ⤦

Ç channel−>name , channel−>name , channel−>name) ;
cmd [ cmdlen −1] = 0 ;
FILE ∗ video ;

40 i f ( ( v ideo = popen (cmd , ” r ”) ) ) {
const char ∗vhdr25 = ”YUV4MPEG2 W256 H256 F25 : 1 Ip A1:1\n ” ;
const char ∗vhdr50 = ”YUV4MPEG2 W256 H256 F50 : 1 Ip A1:1\n ” ;
const char ∗ fhdr = ”FRAME\n ” ;
char hdr [ 6 4 ] ;

45 i f (1 != f r ead ( hdr , s t r l e n ( vhdr25 ) , 1 , v ideo ) ) { channel−>aborted = 1 ; ⤦
Ç goto cleanup ; }

hdr [ s t r l e n ( vhdr25 ) ] = 0 ;
i f ( strcmp ( vhdr25 , hdr ) && strcmp ( vhdr50 , hdr ) ) { channel−>aborted = 2 ; ⤦

Ç goto cleanup ; }
whi le ( ! channel−>qu i t ) {

i f (1 != f r ead ( hdr , s t r l e n ( fhdr ) , 1 , v ideo ) ) { channel−>aborted = 3 ; ⤦
Ç break ; }

50 hdr [ s t r l e n ( fhdr ) ] = 0 ;
i f ( strcmp ( fhdr , hdr ) ) { channel−>aborted = 4 ; break ; }
i f (1 != f r ead ( channel−>image , bytes , 1 , v ideo ) ) { channel−>aborted = 5 ;⤦

Ç break ; }
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}
cleanup :

55 pc l o s e ( v ideo ) ;
}
f r e e (cmd) ;

}
i f ( channel−>aborted ) {

60 f p r i n t f ( s tde r r , ” channel ’%s ’ aborted ’%d ’\n” , channel−>name , channel−>⤦
Ç aborted ) ;

}
pth r ead ex i t (0 ) ;
r e turn 0 ;

}
65

s t r u c t channel ∗ channe l s t a r t ( const char ∗name) {
s t r u c t channel ∗ channel = c a l l o c (1 , s i z e o f ( s t r u c t channel ) ) ;
// c l e a r YUV to black
memset(&channel−>image [ 0 ] , 0 , VIDEOWIDTH ∗ VIDEO HEIGHT) ;

70 memset(&channel−>image [VIDEOWIDTH ∗ VIDEO HEIGHT] , 128 , 2 ∗ VIDEOWIDTH/2 ∗ ⤦
Ç VIDEO HEIGHT/2) ;

channel−>name = strdup (name) ;
channel−>width = VIDEOWIDTH;
channel−>he ight = VIDEO HEIGHT;
i f ( p th r ead c r ea t e (&channel−>thread , 0 , channel main , channel ) ) {

75 f r e e ( channel−>name) ;
f r e e ( channel ) ;
r e turn 0 ;

}
re turn channel ;

80 }

i n t channe l s top ( s t r u c t channel ∗ channel ) {
channel−>qu i t = 1 ;
p th r ead j o i n ( channel−>thread , 0) ;

85 i n t r = channel−>aborted ;
f r e e ( channel−>name) ;
f r e e ( channel ) ;
r e turn r ;

}

12 src/channel.h

/∗
f r a c t a l −channel −hopping −− i n f i n i t e f r a c t a l t e l e v i s i o n zoom
Copyright (C) 2011 Claude Heiland −Allen

5 This program i s f r e e so f tware : you can r e d i s t r i b u t e i t and/ or modify
i t under the terms o f the GNU General Publ ic L i cense as publ i shed by
the Free Software Foundation , e i t h e r v e r s i on 3 o f the License , or
( at your opt ion ) any l a t e r v e r s i on .

10 This program i s d i s t r i b u t e d in the hope that i t w i l l be use fu l ,
but WITHOUT ANY WARRANTY; without even the impl i ed warranty o f
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the
GNU General Publ ic L i cense f o r more d e t a i l s .

15 You should have r e c e i v ed a copy o f the GNU General Publ ic L i cense
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along with t h i s program . I f not , s e e <http ://www. gnu . org / l i c e n s e s />.
∗/

#i f n d e f CHANNELH
20 #de f i n e CHANNELH 1

#inc lude <pthread . h>

#inc lude ” c on f i g . h”
25

s t r u c t channel {
pthread t thread ;
char ∗name ;
i n t qu i t ;

30 i n t aborted ;
i n t width ;
i n t he ight ;
unsigned char image [VIDEOWIDTH ∗ VIDEO HEIGHT + 2 ∗ VIDEOWIDTH/2 ∗ ⤦

Ç VIDEO HEIGHT/ 2 ] ;
} ;

35

s t r u c t channel ∗ channe l s t a r t ( const char ∗name) ;
i n t channe l s top ( s t r u c t channel ∗ channel ) ;

#end i f

13 src/config.h

/∗
f r a c t a l −channel −hopping −− i n f i n i t e f r a c t a l t e l e v i s i o n zoom
Copyright (C) 2011 Claude Heiland −Allen

5 This program i s f r e e so f tware : you can r e d i s t r i b u t e i t and/ or modify
i t under the terms o f the GNU General Publ ic L i cense as publ i shed by
the Free Software Foundation , e i t h e r v e r s i on 3 o f the License , or
( at your opt ion ) any l a t e r v e r s i on .

10 This program i s d i s t r i b u t e d in the hope that i t w i l l be use fu l ,
but WITHOUT ANY WARRANTY; without even the impl i ed warranty o f
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the
GNU General Publ ic L i cense f o r more d e t a i l s .

15 You should have r e c e i v ed a copy o f the GNU General Publ ic L i cense
along with t h i s program . I f not , s e e <http ://www. gnu . org / l i c e n s e s />.

∗/

#i f n d e f CONFIG H
20 #de f i n e CONFIG H 1

#de f i n e VIDEOWIDTH 256
#de f i n e VIDEO HEIGHT 256
#de f i n e GRID WIDTH 16

25 #de f i n e GRID HEIGHT 16

//#de f i n e TEXTURE SIZE 256
#de f i n e TEXTUREX 1.0 f
#de f i n e TEXTUREY 0.5625 f
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30

#de f i n e CHANNELCOUNTMAX 16

#de f i n e OUTPUTWIDTH 1024
#de f i n e OUTPUTHEIGHT 576

35

#end i f

14 src/fch.frag

/∗
f r a c t a l −channel −hopping −− i n f i n i t e f r a c t a l t e l e v i s i o n zoom
Copyright (C) 2011 ,2019 Claude Heiland −Allen

5 This program i s f r e e so f tware : you can r e d i s t r i b u t e i t and/ or modify
i t under the terms o f the GNU General Publ ic L i cense as publ i shed by
the Free Software Foundation , e i t h e r v e r s i on 3 o f the License , or
( at your opt ion ) any l a t e r v e r s i on .

10 This program i s d i s t r i b u t e d in the hope that i t w i l l be use fu l ,
but WITHOUT ANY WARRANTY; without even the impl i ed warranty o f
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the
GNU General Publ ic L i cense f o r more d e t a i l s .

15 You should have r e c e i v ed a copy o f the GNU General Publ ic L i cense
along with t h i s program . I f not , s e e <http ://www. gnu . org / l i c e n s e s />.

∗/

#ve r s i on 130
20

uniform sampler2D images ; // 4x4 t i l e shee t
uniform vec3 matches [ 1 2 ] ; // hardcoded maximum channe l s
uniform in t f o cus ;
uniform f l o a t blend0 ;

25 uniform f l o a t blend1 ;
uniform f l o a t blend2 ;

vec3 get ( i n t n , vec2 p , f l o a t bias , bool wrap ) {
i n t j = in t ( f l o o r ( f l o a t (n) / 4 . 0 ) ) ;

30 i n t i = n − 4 ∗ j ;
vec2 p1 = p ;
i f (wrap ) {

f l o a t k = pow (2 . 0 , 8 . 0 − b ia s ) ;
p1 = f l o o r ( p1 ∗ k ) / k ;

35 }
p1 ∗= 254.0 / 2 56 . 0 ;
p1 += 1.0 / 25 6 . 0 ;
vec2 q = ( vec2 ( f l o a t ( i ) , f l o a t ( j ) ) + p1 ) / 4 . 0 ;
r e turn textureLod ( images , q , b i a s ) . rgb ;

40 }

i n t match ( i n t def , vec3 c ) {
f l o a t d = 1024 . 0 ;
i n t m = def ;

45 f o r ( i n t i = 0 ; i < 12 ; ++i ) {
i f ( l ength (matches [ i ] ) > 0 . 0 ) {

f l o a t d2 = length ( c − matches [ i ] ) ;
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i f ( d2 < d) {
d = d2 ;

50 m = i ;
}

}
}
re turn m;

55 }

void main ( void ) {
i n t f 0 = focus ;
vec2 p0 = gl TexCoord [ 0 ] . xy ;

60 vec3 c0 = get ( f0 , p0 , 0 . 0 , f a l s e ) ;
vec3 ca = get ( f0 , p0 , 4 . 0 , t rue ) ;

i n t f 1 = match ( f0 , ca ) ;
vec2 p1 = 16 .0 ∗ p0 ; p1 −= f l o o r ( p1 ) ;

65 vec3 c1 = get ( f1 , p1 , 0 . 0 , f a l s e ) ;
vec3 cb = get ( f1 , p1 , 4 . 0 , t rue ) ;

i n t f 2 = match ( f1 , cb ) ;
vec2 p2 = 16 .0 ∗ p1 ; p2 −= f l o o r ( p2 ) ;

70 vec3 c2 = get ( f2 , p2 , 0 . 0 , f a l s e ) ;

f l o a t channel [ 1 2 ] ;
channel [ 0 ] = 0 . 0 ;
channel [ 1 ] = 0 . 0 ;

75 channel [ 2 ] = 0 . 0 ;
channel [ 3 ] = 0 . 0 ;
channel [ 4 ] = 0 . 0 ;
channel [ 5 ] = 0 . 0 ;
channel [ 6 ] = 0 . 0 ;

80 channel [ 7 ] = 0 . 0 ;
channel [ 8 ] = 0 . 0 ;
channel [ 9 ] = 0 . 0 ;
channel [ 1 0 ] = 0 . 0 ;
channel [ 1 1 ] = 0 . 0 ;

85 channel [ f 0 ] += blend0 ;
channel [ f 1 ] += blend1 ;
channel [ f 2 ] += blend2 ;
gl FragData [ 0 ] = vec4 ( blend0 ∗ c0 + blend1 ∗ c1 + blend2 ∗ c2 , 1 . 0 ) ;
g l FragData [ 1 ] = vec4 ( channel [ 0 ] , channel [ 1 ] , channel [ 2 ] , channel [ 3 ] ) ;

90 gl FragData [ 2 ] = vec4 ( channel [ 4 ] , channel [ 5 ] , channel [ 6 ] , channel [ 7 ] ) ;
g l FragData [ 3 ] = vec4 ( channel [ 8 ] , channel [ 9 ] , channel [ 1 0 ] , channel [ 1 1 ] ) ;

}

15 src/list.c

/∗
f r a c t a l −channel −hopping −− i n f i n i t e f r a c t a l t e l e v i s i o n zoom
Copyright (C) 2011 Claude Heiland −Allen

5 This program i s f r e e so f tware : you can r e d i s t r i b u t e i t and/ or modify
i t under the terms o f the GNU General Publ ic L i cense as publ i shed by
the Free Software Foundation , e i t h e r v e r s i on 3 o f the License , or
( at your opt ion ) any l a t e r v e r s i on .

31



fractal-channel-hopping src/list.c

10 This program i s d i s t r i b u t e d in the hope that i t w i l l be use fu l ,
but WITHOUT ANY WARRANTY; without even the impl i ed warranty o f
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the
GNU General Publ ic L i cense f o r more d e t a i l s .

15 You should have r e c e i v ed a copy o f the GNU General Publ ic L i cense
along with t h i s program . I f not , s e e <http ://www. gnu . org / l i c e n s e s />.

∗/

#inc lude <a s s e r t . h>
20 #inc lude ” l i s t . h”

void l i s t i n i t ( s t r u c t l i s t ∗ l ) {
a s s e r t ( l ) ;
l−>head = &(l−>headNode ) ;

25 l−> t a i l = &(l−>ta i lNode ) ;
l−>head−>pred = 0 ;
l−>head−>next = l−> t a i l ;
l−>t a i l −>pred = l−>head ;
l−>t a i l −>next = 0 ;

30 }

i n t l i s t i s h e a d ( s t r u c t node ∗n) {
a s s e r t (n) ;
r e turn ! n−>pred ;

35 }

i n t l i s t i s t a i l ( s t r u c t node ∗n) {
a s s e r t (n) ;
r e turn ! n−>next ;

40 }

i n t l i s t i s emp t y ( s t r u c t l i s t ∗ l ) {
a s s e r t ( l && l−>head && l−> t a i l ) ;
r e turn l−>head−>next == l−> t a i l ;

45 }

i n t l i s t l e n g t h ( s t r u c t l i s t ∗ l ) {
s t r u c t node ∗n = l−>head−>next ;
i n t i = 0 ;

50 whi le (n != l−> t a i l ) {
n = n−>next ;
i++;

}
re turn i ;

55 }

void l i s t r emove ( s t r u c t node ∗n) {
a s s e r t (n && n−>pred && n−>next ) ;
n−>pred−>next = n−>next ;

60 n−>next−>pred = n−>pred ;
n−>next = 0 ;
n−>pred = 0 ;

}

65 void l i s t i n s e r t b e f o r e ( s t r u c t node ∗n , s t r u c t node ∗ b e f o r e t h i s ) {
a s s e r t (n && be f o r e t h i s && be f o r e th i s −>pred ) ;
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n−>next = b e f o r e t h i s ;
n−>pred = be f o r e th i s −>pred ;
b e f o r e t h i s −>pred−>next = n ;

70 be f o r e th i s −>pred = n ;
}

void l i s t i n s e r t a f t e r ( s t r u c t node ∗n , s t r u c t node ∗ a f t e r t h i s ) {
a s s e r t (n && a f t e r t h i s && a f t e r t h i s −>next ) ;

75 n−>next = a f t e r t h i s −>next ;
n−>pred = a f t e r t h i s ;
a f t e r t h i s −>next−>pred = n ;
a f t e r t h i s −>next = n ;

}
80

void l i s t i n s e r t t a i l ( s t r u c t l i s t ∗ l , s t r u c t node ∗n) {
a s s e r t ( l ) ;
l i s t i n s e r t b e f o r e (n , l−> t a i l ) ;

}
85

s t r u c t node ∗ l i s t r emovehead ( s t r u c t l i s t ∗ l ) {
a s s e r t ( l && ! l i s t i s emp t y ( l ) ) ;
s t r u c t node ∗n = l−>head−>next ;
l i s t r emove (n) ;

90 re turn n ;
}
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/∗
f r a c t a l −channel −hopping −− i n f i n i t e f r a c t a l t e l e v i s i o n zoom
Copyright (C) 2011 Claude Heiland −Allen

5 This program i s f r e e so f tware : you can r e d i s t r i b u t e i t and/ or modify
i t under the terms o f the GNU General Publ ic L i cense as publ i shed by
the Free Software Foundation , e i t h e r v e r s i on 3 o f the License , or
( at your opt ion ) any l a t e r v e r s i on .

10 This program i s d i s t r i b u t e d in the hope that i t w i l l be use fu l ,
but WITHOUT ANY WARRANTY; without even the impl i ed warranty o f
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the
GNU General Publ ic L i cense f o r more d e t a i l s .

15 You should have r e c e i v ed a copy o f the GNU General Publ ic L i cense
along with t h i s program . I f not , s e e <http ://www. gnu . org / l i c e n s e s />.

∗/

#i f n d e f LIST H
20 #de f i n e LIST H 1

s t r u c t node {
s t r u c t node ∗next ;
s t r u c t node ∗pred ;

25 } ;

s t r u c t l i s t {
s t r u c t node ∗head ;
s t r u c t node ∗ t a i l ;
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30 // p r i va t e
s t r u c t node headNode ;
s t r u c t node ta i lNode ;

} ;

35 void l i s t i n i t ( s t r u c t l i s t ∗ l ) ;
i n t l i s t i s h e a d ( s t r u c t node ∗n) ;
i n t l i s t i s t a i l ( s t r u c t node ∗n) ;
i n t l i s t i s emp t y ( s t r u c t l i s t ∗ l ) ;
i n t l i s t l e n g t h ( s t r u c t l i s t ∗ l ) ;

40 void l i s t r emove ( s t r u c t node ∗n) ;
void l i s t i n s e r t b e f o r e ( s t r u c t node ∗n , s t r u c t node ∗ b e f o r e t h i s ) ;
void l i s t i n s e r t a f t e r ( s t r u c t node ∗n , s t r u c t node ∗ a f t e r t h i s ) ;
void l i s t i n s e r t t a i l ( s t r u c t l i s t ∗ l , s t r u c t node ∗n) ;
s t r u c t node ∗ l i s t r emovehead ( s t r u c t l i s t ∗ l ) ;

45

#end i f

17 src/main.c

/∗
f r a c t a l −channel −hopping −− i n f i n i t e f r a c t a l t e l e v i s i o n zoom
Copyright (C) 2011 ,2019 Claude Heiland −Allen

5 This program i s f r e e so f tware : you can r e d i s t r i b u t e i t and/ or modify
i t under the terms o f the GNU General Publ ic L i cense as publ i shed by
the Free Software Foundation , e i t h e r v e r s i on 3 o f the License , or
( at your opt ion ) any l a t e r v e r s i on .

10 This program i s d i s t r i b u t e d in the hope that i t w i l l be use fu l ,
but WITHOUT ANY WARRANTY; without even the impl i ed warranty o f
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the
GNU General Publ ic L i cense f o r more d e t a i l s .

15 You should have r e c e i v ed a copy o f the GNU General Publ ic L i cense
along with t h i s program . I f not , s e e <http ://www. gnu . org / l i c e n s e s />.

∗/

#de f i n e DEFAULT SOURCE
20 #de f i n e POSIX C SOURCE 200809

#inc lude <a s s e r t . h>
#inc lude <math . h>
#inc lude <s i g n a l . h>

25 #inc lude <s t d i o . h>
#inc lude <s t d l i b . h>
#inc lude <s t r i n g . h>
#inc lude <time . h>
#inc lude <uni s td . h>

30

#inc lude <GL/glew . h>
#inc lude <GL/ g lu t . h>

#inc lude <j ack / jack . h>
35

#inc lude ” channel . h”
#inc lude ” record . h”
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#inc lude ” fch . f r a g . c”
#inc lude ”yuv2rgb . f r a g . c”

40

i n t max( i n t x , i n t y ) {
re turn x > y ? x : y ;

}

45 unsigned i n t roundtwo ( unsigned i n t x ) {
a s s e r t ( x <= 1u << 31u) ; // te rminat ion cond i t i on
unsigned i n t y = 1 ;
whi l e ( y < x ) y <<= 1 ;
re turn y ;

50 }

unsigned i n t logtwo ( unsigned i n t x ) {
a s s e r t ( x <= 1u << 31u) ; // te rminat ion cond i t i on
unsigned i n t y = 1 , z = 0 ;

55 whi le ( y < x ) { y <<= 1 ; z += 1 ; } ;
r e turn z ;

}

i n t f o cus = 0 ;
60 i n t speed = 75 ;

i n t frames = 0 ;
i n t t f rames = 0 ;

i n t count ;
65 s t r u c t channel ∗∗ channe l s ;

s t r u c t record ∗ r e co rde r = 0 ;

i n t winw , winh ;
70 i n t t s i z e ;

GLuint texiny , texinu , texinv , timages , toutput , tmatch [ 3 ] ; // hardcoded : (12) ⤦
Ç channe l s / 4

GLuint fbo ;

// f r a c t a l i z a t i o n shader
75 GLhandleARB prog ;

GLhandleARB f rag ;
GLint uimages , umatches , ufocus , ublend0 , ublend1 , ublend2 ;
GLfloat vmatches [ 4 ∗ 4 ] [ 3 ] ;

80 // yuv2rgb shader
GLhandleARB prog yuv2rgb ;
GLhandleARB frag yuv2rgb ;
GLint yuv2rgb y , yuv2rgb u , yuv2rgb v ;

85 double zoom ;
i n t zoomi ;
i n t zoomj ;
double blend0 ;
double blend1 ;

90 double blend2 ;

j a c k c l i e n t t ∗ j c l i e n t ;
j a c k p o r t t ∗ j po r t o [ 2 ] ;
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j a c k p o r t t ∗ j p o r t [CHANNELCOUNTMAX] [ 2 ] ;
95 f l o a t j l e v e l [ 2 ] [CHANNELCOUNTMAX] ;

i n t jwhich = 0 ;

void e r ro r cb ( const char ∗desc ) {
f p r i n t f ( s tde r r , ”JACK e r r o r : %s \n” , desc ) ;

100 }

void shutdowncb ( void ∗ arg ) {
e x i t (1 ) ;

}
105

i n t proce s scb ( j a ck n f r ames t nframes , void ∗ arg ) {
j a c k d e f au l t aud i o s amp l e t ∗ in [CHANNELCOUNTMAX] [ 2 ] , ∗out [ 2 ] ;
f o r ( i n t c = 0 ; c < count ; ++c ) {

f o r ( i n t k = 0 ; k < 2 ; ++k) {
110 in [ c ] [ k ] = ( j a c k d e f au l t aud i o s amp l e t ∗) j a c k p o r t g e t b u f f e r ( j p o r t [ c ] [ k⤦

Ç ] , nframes ) ;
}

}
out [ 0 ] = ( j a c k d e f au l t aud i o s amp l e t ∗) j a c k p o r t g e t b u f f e r ( j po r t o [ 0 ] , ⤦

Ç nframes ) ;
out [ 1 ] = ( j a c k d e f au l t aud i o s amp l e t ∗) j a c k p o r t g e t b u f f e r ( j po r t o [ 1 ] , ⤦

Ç nframes ) ;
115 f o r ( j a ck n f r ames t i = 0 ; i < nframes ; ++i ) {

f o r ( i n t k = 0 ; k < 2 ; ++k) {
j a c k d e f au l t aud i o s amp l e t o = 0 ;
f o r ( i n t c = 0 ; c < count ; ++c ) {

o += j l e v e l [ jwhich ] [ c ] ∗ in [ c ] [ k ] [ i ] ;
120 }

out [ k ] [ i ] = o ;
}

}
re turn 0 ;

125 }

void r e a l l o c t e x t u r e (GLuint t , GLenum fmt , f l o a t r , f l o a t g , f l o a t b) {
// r e s i z e t ex ture
glBindTexture (GL TEXTURE 2D, t ) ;

130 glTexImage2D (GL TEXTURE 2D, 0 , fmt , t s i z e , t s i z e , 0 , fmt , GL UNSIGNED BYTE, 0)⤦
Ç ;

g lBindTexture (GL TEXTURE 2D, 0) ;
// c l e a r t ex ture
glViewport (0 , 0 , t s i z e , t s i z e ) ;
glBindFramebufferEXT (GL FRAMEBUFFER EXT, fbo ) ;

135 glFramebufferTexture2DEXT (GL FRAMEBUFFER EXT, GL COLORATTACHMENT0 EXT, ⤦
Ç GL TEXTURE 2D, t , 0) ;

GLenum dbs [ ] = { GLCOLORATTACHMENT0 EXT } ;
g lDrawBuffers (1 , dbs ) ;
g lC l ea rCo lo r ( r , g , b , 0) ;
g lC l ea r (GL COLOR BUFFER BIT) ;

140 glFramebufferTexture2DEXT (GL FRAMEBUFFER EXT, GL COLORATTACHMENT0 EXT, ⤦
Ç GL TEXTURE 2D, 0 , 0) ;

glBindFramebufferEXT (GL FRAMEBUFFER EXT, 0) ;
}

void reshapecb ( i n t w, i n t h) {
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145 i f ( r e co rde r && (winw != w | | winh != h) ) {
r e co rd s t op ( r e co rde r ) ;
r e co rde r = 0 ;

}
winw = w;

150 winh = h ;
i n t o l d t s i z e = t s i z e ;
t s i z e = roundtwo (max(w, h) ) ;
i f ( o l d t s i z e != t s i z e ) {

r e a l l o c t e x t u r e ( toutput , GL RGBA, 0 , 0 , 0) ;
155 r e a l l o c t e x t u r e ( tmatch [ 0 ] , GL RGBA, 0 , 0 , 0) ;

r e a l l o c t e x t u r e ( tmatch [ 1 ] , GL RGBA, 0 , 0 , 0) ;
r e a l l o c t e x t u r e ( tmatch [ 2 ] , GL RGBA, 0 , 0 , 0) ;

}
}

160

void d i sp laycb ( void ) {
// upload channe l s o f v ideo to t i l e shee t
{

// upload YUV planes
165 g lAct iveTexture (GL TEXTURE0) ;

glBindTexture (GL TEXTURE 2D, tex iny ) ;
f o r ( i n t c = 0 ; c < count ; ++c ) {

glTexSubImage2D (GL TEXTURE 2D, 0 , ( c % 4) ∗ VIDEO WIDTH, ( c / 4) ∗ ⤦
Ç VIDEO HEIGHT, VIDEO WIDTH, VIDEO HEIGHT, GL LUMINANCE, ⤦
Ç GL UNSIGNED BYTE, &channe l s [ c ]−> image [ 0 ] ) ;

}
170 g lAct iveTexture (GL TEXTURE1) ;

glBindTexture (GL TEXTURE 2D, tex inu ) ;
f o r ( i n t c = 0 ; c < count ; ++c ) {

glTexSubImage2D (GL TEXTURE 2D, 0 , ( c % 4) ∗ VIDEOWIDTH/2 , ( c / 4) ∗ ⤦
Ç VIDEO HEIGHT/2 , VIDEOWIDTH/2 , VIDEO HEIGHT/2 , GL LUMINANCE, ⤦
Ç GL UNSIGNED BYTE, &channe l s [ c ]−> image [VIDEOWIDTH ∗ VIDEO HEIGHT] ) ;

}
175 g lAct iveTexture (GL TEXTURE2) ;

glBindTexture (GL TEXTURE 2D, tex inv ) ;
f o r ( i n t c = 0 ; c < count ; ++c ) {

glTexSubImage2D (GL TEXTURE 2D, 0 , ( c % 4) ∗ VIDEOWIDTH/2 , ( c / 4) ∗ ⤦
Ç VIDEO HEIGHT/2 , VIDEOWIDTH/2 , VIDEO HEIGHT/2 , GL LUMINANCE, ⤦
Ç GL UNSIGNED BYTE, &channe l s [ c ]−> image [VIDEOWIDTH ∗ VIDEO HEIGHT + ⤦
Ç VIDEOWIDTH/2 ∗ VIDEO HEIGHT/2 ] ) ;

}
180 // convert to RGB

glViewport (0 , 0 , 1024 , 1024) ;
glMatrixMode (GL PROJECTION) ;
g lLoadIdent i ty ( ) ;
glOrtho (0 , 1 , 0 , 1 , −1 , 1) ;

185 glBindFramebufferEXT (GL FRAMEBUFFER EXT, fbo ) ;
glFramebufferTexture2DEXT (GL FRAMEBUFFER EXT, GL COLORATTACHMENT0 EXT, ⤦

Ç GL TEXTURE 2D, timages , 0) ;
GLenum dbs [ ] = { GLCOLORATTACHMENT0 EXT } ;
g lDrawBuffers (1 , dbs ) ;
glUseProgramObjectARB ( prog yuv2rgb ) ;

190 g lUni form1i ( yuv2rgb y , 0) ;
g lUni form1i ( yuv2rgb u , 1) ;
g lUni form1i ( yuv2rgb v , 2) ;
g lBeg in (GL QUADS) ; {
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glTexCoord2f (0 , 0) ; g lVe r t ex2 f (0 , 0) ;
195 glTexCoord2f (1 , 0) ; g lVe r t ex2 f (1 , 0) ;

glTexCoord2f (1 , 1) ; g lVe r t ex2 f (1 , 1) ;
glTexCoord2f (0 , 1) ; g lVe r t ex2 f (0 , 1) ;

} glEnd ( ) ;
glUseProgramObjectARB (0) ;

200 glFramebufferTexture2DEXT (GL FRAMEBUFFER EXT, GL COLORATTACHMENT0 EXT, ⤦
Ç GL TEXTURE 2D, 0 , 0) ;

glBindFramebufferEXT (GL FRAMEBUFFER EXT, 0) ;
glBindTexture (GL TEXTURE 2D, 0) ;
g lAct iveTexture (GL TEXTURE1) ;
glBindTexture (GL TEXTURE 2D, 0) ;

205 g lAct iveTexture (GL TEXTURE0) ;
glBindTexture (GL TEXTURE 2D, t images ) ;
glGenerateMipmap (GL TEXTURE 2D) ;
glGetTexImage (GL TEXTURE 2D, 8 /∗ hardcoded log2 (4∗256) − 2 ∗/ , GL RGB, ⤦

Ç GL FLOAT, vmatches ) ;
glBindTexture (GL TEXTURE 2D, 0) ;

210 }

// s e t up zooming view
glViewport (0 , 0 , winw , winh ) ;
{

215 glMatrixMode (GL PROJECTION) ;
g lLoadIdent i ty ( ) ;
glOrtho (0 , GRID WIDTH, 0 , GRID HEIGHT, −1 , 1) ;
glMatrixMode (GLMODELVIEW) ;
g lLoadIdent i ty ( ) ;

220 double dx = zoomi ∗ GRID WIDTH / (GRID WIDTH − 1 . 0 ) ;
double dy = GRID HEIGHT − zoomj ∗ GRID HEIGHT / (GRID HEIGHT − 1 . 0 ) ;
g lT r an s l a t e f ( dx , dy , 0) ;
g l S c a l e f ( zoom , zoom , zoom) ;
g lT r an s l a t e f (−dx , −dy , 0) ;

225 }

// mega shader ac t i on
glBindFramebufferEXT (GL FRAMEBUFFER EXT, fbo ) ;
glFramebufferTexture2DEXT (GL FRAMEBUFFER EXT, GL COLORATTACHMENT0 EXT, ⤦

Ç GL TEXTURE 2D, toutput , 0) ;
230 glFramebufferTexture2DEXT (GL FRAMEBUFFER EXT, GL COLORATTACHMENT1 EXT, ⤦

Ç GL TEXTURE 2D, tmatch [ 0 ] , 0) ;
glFramebufferTexture2DEXT (GL FRAMEBUFFER EXT, GL COLORATTACHMENT2 EXT, ⤦

Ç GL TEXTURE 2D, tmatch [ 1 ] , 0) ;
glFramebufferTexture2DEXT (GL FRAMEBUFFER EXT, GL COLORATTACHMENT3 EXT, ⤦

Ç GL TEXTURE 2D, tmatch [ 2 ] , 0) ;
GLenum dbs [ ] = { GL COLORATTACHMENT0 EXT, GL COLORATTACHMENT1 EXT, ⤦

Ç GL COLORATTACHMENT2 EXT, GL COLORATTACHMENT3 EXT } ;
g lDrawBuffers (4 , dbs ) ;

235 glUseProgramObjectARB ( prog ) ;
glBindTexture (GL TEXTURE 2D, t images ) ;
g lUni form1i ( uimages , 0) ;
g lUni form3fv ( umatches , 12 , &vmatches [ 0 ] [ 0 ] ) ;
g lUni form1i ( ufocus , f o cu s ) ;

240 g lUni form1f ( ublend0 , blend0 ) ;
g lUni form1f ( ublend1 , blend1 ) ;
g lUni form1f ( ublend2 , blend2 ) ;
g lBeg in (GL QUADS) ; {
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glTexCoord2f (0 , 1) ; g lVe r t ex2 f (0 , 0 ) ;
245 glTexCoord2f (1 , 1) ; g lVe r t ex2 f (GRID WIDTH, 0 ) ;

glTexCoord2f (1 , 0) ; g lVe r t ex2 f (GRID WIDTH, GRID HEIGHT) ;
glTexCoord2f (0 , 0) ; g lVe r t ex2 f (0 , GRID HEIGHT) ;

} glEnd ( ) ;
glBindTexture (GL TEXTURE 2D, 0) ;

250 glUseProgramObjectARB (0) ;
glFramebufferTexture2DEXT (GL FRAMEBUFFER EXT, GL COLORATTACHMENT0 EXT, ⤦

Ç GL TEXTURE 2D, 0 , 0) ;
glFramebufferTexture2DEXT (GL FRAMEBUFFER EXT, GL COLORATTACHMENT1 EXT, ⤦

Ç GL TEXTURE 2D, 0 , 0) ;
glFramebufferTexture2DEXT (GL FRAMEBUFFER EXT, GL COLORATTACHMENT2 EXT, ⤦

Ç GL TEXTURE 2D, 0 , 0) ;
glFramebufferTexture2DEXT (GL FRAMEBUFFER EXT, GL COLORATTACHMENT3 EXT, ⤦

Ç GL TEXTURE 2D, 0 , 0) ;
255 glBindFramebufferEXT (GL FRAMEBUFFER EXT, 0) ;

// show output image
g lLoadIdent i ty ( ) ;
glBindTexture (GL TEXTURE 2D, toutput ) ;

260 g lBeg in (GL QUADS) ; {
f l o a t tx = winw ∗ 1 .0 f / t s i z e ;
f l o a t ty = winh ∗ 1 .0 f / t s i z e ;
glTexCoord2f (0 , 0) ; g lVe r t ex2 f (0 , 0 ) ;
glTexCoord2f ( tx , 0) ; g lVe r t ex2 f (GRID WIDTH, 0 ) ;

265 glTexCoord2f ( tx , ty ) ; g lVer t ex2 f (GRID WIDTH, GRID HEIGHT) ;
glTexCoord2f (0 , ty ) ; g lVer t ex2 f (0 , GRID HEIGHT) ;

} glEnd ( ) ;
glBindTexture (GL TEXTURE 2D, 0) ;

270 // grab aux i l i a r y images to audio mixer
glBindTexture (GL TEXTURE 2D, tmatch [ 0 ] ) ;
glGenerateMipmap (GL TEXTURE 2D) ;
glGetTexImage (GL TEXTURE 2D, logtwo ( t s i z e ) , GL RGBA, GL FLOAT, &j l e v e l [ 1 − ⤦

Ç jwhich ] [ 0 ] ) ;
glBindTexture (GL TEXTURE 2D, tmatch [ 1 ] ) ;

275 glGenerateMipmap (GL TEXTURE 2D) ;
glGetTexImage (GL TEXTURE 2D, logtwo ( t s i z e ) , GL RGBA, GL FLOAT, &j l e v e l [ 1 − ⤦

Ç jwhich ] [ 4 ] ) ;
glBindTexture (GL TEXTURE 2D, tmatch [ 2 ] ) ;
glGenerateMipmap (GL TEXTURE 2D) ;
glGetTexImage (GL TEXTURE 2D, logtwo ( t s i z e ) , GL RGBA, GL FLOAT, &j l e v e l [ 1 − ⤦

Ç jwhich ] [ 8 ] ) ;
280 glBindTexture (GL TEXTURE 2D, 0) ;

double s = 0 ;
f o r ( i n t c = 0 ; c < count ; ++c ) {

s += j l e v e l [ 1 − jwhich ] [ c ] ;
}

285 i f ( ! s ) {
s = 1 ;

}
f o r ( i n t c = 0 ; c < count ; ++c ) {

j l e v e l [ 1 − jwhich ] [ c ] /= s ;
290 }

jwhich = 1 − jwhich ;

// PPM reco rd ing on stdout
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i f ( r e co rde r ) {
295 r ecord f rame ( r e co rde r ) ;

}

glutSwapBuf fers ( ) ;

300 // bug f r e e code ?
g lutReportError s ( ) ;

// we done a frame
t f rames++;

305 frames++;
}

f l o a t smatch [ 4 ] [ 1 6 ] [ 4 ] [ 1 6 ] [ 3 ] ;
f l o a t matches [ 4 ] [ 4 ] [ 3 ] ;

310

s t r u c t t imespec c lock0 ;
s t r u c t t imespec c lock1 ;

void t imercb ( i n t v ) {
315 glutTimerFunc (1 , timercb , v ) ;

c l o ck ge t t ime (CLOCK REALTIME, &c lock1 ) ;
double dt = ( c lock1 . t v s e c − c l ock0 . t v s e c ) + 1 .0 e−9 ∗ ( c l ock1 . tv n s e c − ⤦

Ç c l ock0 . tv n s e c ) ;
i f ( dt < 0 .04 ∗ t f rames ) {

re turn ;
320 }

i f ( frames == speed ) {
// r e f o cu s
glBindTexture (GL TEXTURE 2D, t images ) ;
glGenerateMipmap (GL TEXTURE 2D) ;

325 glGetTexImage (GL TEXTURE 2D, 4 , GL RGB, GL FLOAT, &smatch [ 0 ] [ 0 ] [ 0 ] [ 0 ] [ 0 ] ) ;
glGetTexImage (GL TEXTURE 2D, 8 , GL RGB, GL FLOAT, &matches [ 0 ] [ 0 ] [ 0 ] ) ;
glBindTexture (GL TEXTURE 2D, 0) ;
f l o a t ml = 65536 . 0 ;
i n t mi = focus ;

330 f o r ( i n t c = 0 ; c < count ; ++c ) {
f l o a t s = 0 ;
f o r ( i n t k = 0 ; k < 3 ; ++k) {

f l o a t ds = smatch [ f o cus / 4 ] [ zoomj ] [ f o cu s % 4 ] [ zoomi ] [ k ] − vmatches [ c ] [ k⤦
Ç ] ;

s += ds ∗ ds ;
335 }

i f ( s < ml) {
ml = s ;
mi = c ;

}
340 }

f o cu s = mi ;
ml = 65536 . 0 ;
f o r ( i n t c = 0 ; c < count ; ++c ) {

f l o a t s = 0 ;
345 f o r ( i n t k = 0 ; k < 3 ; ++k) {

f l o a t ds = matches [ f o cu s / 4 ] [ f o cu s % 4 ] [ k ] − vmatches [ c ] [ k ] ;
s += ds ∗ ds ;

}
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i f ( s < ml) {
350 ml = s ;

mi = c ;
}

}
f o cu s = mi ;

355 // s e l f − c en t e r i ng random walk
i f ( rand ( ) % 8) {

i n t co in = rand ( ) % (GRID WIDTH − 1) ;
zoomi += co in < zoomi ? −1 : 1 ;

}
360 i f ( rand ( ) % 8) {

i n t co in = rand ( ) % (GRID HEIGHT − 1) ;
zoomj += co in < zoomj ? −1 : 1 ;

}
frames = 0 ;

365 }

// zoom blending
double k = frames ∗ 1 .0 / speed ;
zoom = pow(16 , k ) ; // hardcoded power − g r id s i z e . . .

370 blend2 = 1 − cos (2 ∗ 3.141592653 ∗ ( k + 0) / 3) ;
blend1 = 1 − cos (2 ∗ 3.141592653 ∗ ( k + 1) / 3) ;
blend0 = 1 − cos (2 ∗ 3.141592653 ∗ ( k + 2) / 3) ;
double b lendt = blend0 + blend1 + blend2 ;
blend0 /= blendt ;

375 blend1 /= blendt ;
blend2 /= blendt ;

g lutPostRed i sp lay ( ) ;
}

380

i n t f u l l s c r e e n = 0 ;

void keyboardcb ( unsigned char key , i n t x , i n t y ) {
switch ( key ) {

385 case ’R’ :
i f ( r e co rde r ) {

r e co rd s t op ( r e co rde r ) ;
r e co rde r = 0 ;

} e l s e {
390 r e co rde r = r e c o r d s t a r t (winw , winh , j c l i e n t , j po r t o ) ;

}
break ;

case ’Q’ :
case 27 :

395 e x i t (0 ) ;
break ;

}
}

400 void key spe c i a l cb ( i n t key , i n t x , i n t y ) {
switch ( key ) {
case GLUT KEY F11 :

f u l l s c r e e n = ! f u l l s c r e e n ;
i f ( f u l l s c r e e n ) {

405 g lu tFu l l S c r e en ( ) ;
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g lutSetCursor (GLUT CURSORNONE) ;
} e l s e {

glutReshapeWindow (OUTPUTWIDTH, OUTPUTHEIGHT) ;
g lutSetCursor (GLUT CURSOR INHERIT) ;

410 }
break ;

}
}

415 void ex i t cb ( void ) {
i f ( r e co rde r ) {

r e co rd s t op ( r e co rde r ) ;
r e co rde r = 0 ;

}
420 j a c k c l i e n t c l o s e ( j c l i e n t ) ;

k i l l p g ( getpgrp ( ) , SIGKILL) ; // k i l l a l l our p r o c e s s e s
f o r ( i n t c = 0 ; c < count ; ++c ) {

channe l s top ( channe l s [ c ] ) ;
}

425 f r e e ( channe l s ) ;
}

i n t main ( i n t argc , char ∗∗ argv ) {

430 // i n i t i a l i s a t i o n
i f ( argc <= 1) { re turn 1 ; }
count = argc − 1 ;
channe l s = c a l l o c ( count , s i z e o f ( s t r u c t channel ∗) ) ;

435 srand ( time (0 ) ) ;
zoomj = rand ( ) % GRID HEIGHT;
zoomi = rand ( ) % GRID WIDTH;
glutInitWindowSize (OUTPUTWIDTH, OUTPUTHEIGHT) ;
g l u t I n i t (&argc , argv ) ;

440 g lutIn i tDisp layMode (GLUTRGBA | GLUTDOUBLE) ;
glutCreateWindow (” f r a c t a l −channel −hopping ”) ;
g l ew In i t ( ) ;

// s e t up jack f i r s t
445

j a c k s e t e r r o r f u n c t i o n ( e r ro r cb ) ;
i f ( ! ( j c l i e n t = j a c k c l i e n t o p e n (” fch ” , 0 , 0) ) ) {

f p r i n t f ( s tde r r , ” jack s e r v e r not running ?\n”) ;
r e turn 1 ;

450 }
j a c k s e t p r o c e s s c a l l b a c k ( j c l i e n t , processcb , 0) ;
jack on shutdown ( j c l i e n t , shutdowncb , 0) ;
f o r ( i n t c = 0 ; c < count ; ++c ) {

f o r ( i n t k = 0 ; k < 2 ; ++k) {
455 char namebuf [ 6 4 ] ;

s n p r i n t f ( namebuf , 62 , ”%s %d” , argv [ c + 1 ] , k + 1) ;
namebuf [ 6 3 ] = 0 ;
j po r t [ c ] [ k ] = j a c k p o r t r e g i s t e r ( j c l i e n t , namebuf , JACK DEFAULT AUDIO TYPE⤦

Ç , JackPortIsInput , 0) ;
}

460 }
f o r ( i n t k = 0 ; k < 2 ; ++k) {
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char namebuf [ 6 4 ] ;
s n p r i n t f ( namebuf , 62 , ” output %d” , k + 1) ;
namebuf [ 6 3 ] = 0 ;

465 j po r t o [ k ] = j a c k p o r t r e g i s t e r ( j c l i e n t , namebuf , JACK DEFAULT AUDIO TYPE, ⤦
Ç JackPortIsOutput , 0) ;

}
i f ( j a c k a c t i v a t e ( j c l i e n t ) ) {

f p r i n t f ( s tde r r , ” cannot a c t i v a t e JACK c l i e n t ”) ;
r e turn 1 ;

470 }
j a ck connec t ( j c l i e n t , ” f ch : output 1 ” , ” system : playback 1 ”) ;
j a ck connec t ( j c l i e n t , ” f ch : output 2 ” , ” system : playback 2 ”) ;

// then s t a r t streaming channe l s which connect to us v ia jack
475

f o r ( i n t c = 0 ; c < count ; ++c ) {
channe l s [ c ] = channe l s t a r t ( argv [ c + 1 ] ) ;

}

480 // and prepare the d i sp l ay

g lHint (GL GENERATE MIPMAP HINT, GL FASTEST) ;
g lEnable (GL TEXTURE 2D) ;
glGenFramebuffersEXT (1 , &fbo ) ;

485

// YUV planar video
t s i z e = 1024 ;
glGenTextures (1 , &tex iny ) ;
r e a l l o c t e x t u r e ( texiny , GL LUMINANCE, 0 , 0 , 0) ;

490 glBindTexture (GL TEXTURE 2D, tex iny ) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTURE MIN FILTER, GL NEAREST) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTURE MAG FILTER, GL NEAREST) ;
glBindTexture (GL TEXTURE 2D, 0) ;
t s i z e /= 2 ;

495 glGenTextures (1 , &tex inu ) ;
r e a l l o c t e x t u r e ( texinu , GL LUMINANCE, 0 . 5 , 0 . 5 , 0 . 5 ) ;
glBindTexture (GL TEXTURE 2D, tex inu ) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTURE MIN FILTER, GL NEAREST) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTURE MAG FILTER, GL NEAREST) ;

500 glBindTexture (GL TEXTURE 2D, 0) ;
glGenTextures (1 , &tex inv ) ;
r e a l l o c t e x t u r e ( texinv , GL LUMINANCE, 0 . 5 , 0 . 5 , 0 . 5 ) ;
glBindTexture (GL TEXTURE 2D, tex inv ) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTURE MIN FILTER, GL NEAREST) ;

505 glTexParameteri (GL TEXTURE 2D, GL TEXTURE MAG FILTER, GL NEAREST) ;
glBindTexture (GL TEXTURE 2D, 0) ;

// RGB in t e r l e a v ed video
t s i z e = 1024 ;

510 glGenTextures (1 , &timages ) ;
r e a l l o c t e x t u r e ( timages , GL RGBA, 0 , 0 , 0) ;
glBindTexture (GL TEXTURE 2D, t images ) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTURE MIN FILTER, GL LINEAR MIPMAP LINEAR)⤦

Ç ;
g lTexParameteri (GL TEXTURE 2D, GL TEXTURE MAG FILTER, GL LINEAR) ;

515 glBindTexture (GL TEXTURE 2D, 0) ;
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// RGB output
t s i z e = roundtwo (max(OUTPUTWIDTH, OUTPUTHEIGHT) ) ;
glGenTextures (1 , &toutput ) ;

520 r e a l l o c t e x t u r e ( toutput , GL RGBA, 0 , 0 , 0) ;
glBindTexture (GL TEXTURE 2D, toutput ) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTURE MIN FILTER, GL NEAREST) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTURE MAG FILTER, GL NEAREST) ;
glBindTexture (GL TEXTURE 2D, 0) ;

525 glGenTextures (3 , &tmatch [ 0 ] ) ;
r e a l l o c t e x t u r e ( tmatch [ 0 ] , GL RGBA, 0 , 0 , 0) ;
r e a l l o c t e x t u r e ( tmatch [ 1 ] , GL RGBA, 0 , 0 , 0) ;
r e a l l o c t e x t u r e ( tmatch [ 2 ] , GL RGBA, 0 , 0 , 0) ;

530 // f r a c t a l i z a t i o n shader
GLint su c c e s s ;
prog = glCreateProgramObjectARB ( ) ;
f r a g = glCreateShaderObjectARB (GL FRAGMENT SHADERARB) ;
glShaderSourceARB ( frag , 1 , &f ch f r a g , 0) ;

535 glCompileShaderARB ( f r ag ) ;
glAttachObjectARB ( prog , f r a g ) ;
glLinkProgramARB( prog ) ;
glGetObjectParameterivARB ( prog , GL OBJECT LINK STATUS ARB, &suc c e s s ) ;
i f ( ! s u c c e s s ) {

540 GLhandleARB obj = prog ;
i n t in fo l ogLength = 0 ;
i n t maxLength ;
i f ( g l I sShade r ( obj ) ) {

glGetShader iv ( obj , GL INFO LOG LENGTH, &maxLength ) ;
545 } e l s e {

glGetProgramiv ( obj , GL INFO LOG LENGTH, &maxLength ) ;
}
char ∗ in foLog = mal loc (maxLength ) ;
i f ( ! in foLog ) {

550 e x i t (1 ) ;
}
i f ( g l I sShade r ( obj ) ) {

glGetShaderInfoLog ( obj , maxLength , &in fo logLength , in foLog ) ;
} e l s e {

555 glGetProgramInfoLog ( obj , maxLength , &in fo logLength , in foLog ) ;
}
i f ( in fo l ogLength > 0) {

f p r i n t f ( s tde r r , ”%s \n” , in foLog ) ;
}

560 f r e e ( in foLog ) ;
e x i t (1 ) ;

}
uimages = glGetUniformLocationARB ( prog , ” images ”) ;
umatches = glGetUniformLocationARB ( prog , ”matches ”) ;

565 ufocus = glGetUniformLocationARB ( prog , ” f o cus ”) ;
ublend0 = glGetUniformLocationARB ( prog , ” blend0 ”) ;
ublend1 = glGetUniformLocationARB ( prog , ” blend1 ”) ;
ublend2 = glGetUniformLocationARB ( prog , ” blend2 ”) ;

570 // YUV2RGB shader
prog yuv2rgb = glCreateProgramObjectARB ( ) ;
f rag yuv2rgb = glCreateShaderObjectARB (GL FRAGMENT SHADERARB) ;
glShaderSourceARB ( frag yuv2rgb , 1 , &yuv2rgb frag , 0) ;
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glCompileShaderARB ( f rag yuv2rgb ) ;
575 glAttachObjectARB ( prog yuv2rgb , f rag yuv2rgb ) ;

glLinkProgramARB( prog yuv2rgb ) ;
glGetObjectParameterivARB ( prog yuv2rgb , GL OBJECT LINK STATUS ARB, &suc c e s s ) ;
i f ( ! s u c c e s s ) {

GLhandleARB obj = prog yuv2rgb ;
580 i n t in fo l ogLength = 0 ;

i n t maxLength ;
i f ( g l I sShade r ( obj ) ) {

glGetShader iv ( obj , GL INFO LOG LENGTH, &maxLength ) ;
} e l s e {

585 glGetProgramiv ( obj , GL INFO LOG LENGTH, &maxLength ) ;
}
char ∗ in foLog = mal loc (maxLength ) ;
i f ( ! in foLog ) {

e x i t (1 ) ;
590 }

i f ( g l I sShade r ( obj ) ) {
glGetShaderInfoLog ( obj , maxLength , &in fo logLength , in foLog ) ;

} e l s e {
glGetProgramInfoLog ( obj , maxLength , &in fo logLength , in foLog ) ;

595 }
i f ( in fo l ogLength > 0) {

f p r i n t f ( s tde r r , ”%s \n” , in foLog ) ;
}
f r e e ( in foLog ) ;

600 e x i t (1 ) ;
}
yuv2rgb y = glGetUniformLocationARB ( prog yuv2rgb , ”y”) ;
yuv2rgb u = glGetUniformLocationARB ( prog yuv2rgb , ”u”) ;
yuv2rgb v = glGetUniformLocationARB ( prog yuv2rgb , ”v”) ;

605

// c a l l b a c k s
glutKeyboardFunc ( keyboardcb ) ;
g lutSpec ia lFunc ( key spe c i a l cb ) ;
glutReshapeFunc ( reshapecb ) ;

610 glutDisplayFunc ( d i sp laycb ) ;
glutTimerFunc (1 , timercb , 1) ;
a t e x i t ( ex i t cb ) ;

// main loop
615 c l o ck ge t t ime (CLOCK REALTIME, &c lock0 ) ;

glutMainLoop ( ) ;
r e turn 0 ;

}

18 src/Makefile

# f r a c t a l −channel −hopping −− i n f i n i t e f r a c t a l t e l e v i s i o n zoom
# Copyright (C) 2011 Claude Heiland −Allen
#
# This program i s f r e e so f tware : you can r e d i s t r i b u t e i t and/ or modify

5 # i t under the terms o f the GNU General Publ ic L i cense as publ i shed by
# the Free Software Foundation , e i t h e r v e r s i on 3 o f the License , or
# ( at your opt ion ) any l a t e r v e r s i on .
#
# This program i s d i s t r i b u t e d in the hope that i t w i l l be use fu l ,
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10 # but WITHOUT ANY WARRANTY; without even the impl i ed warranty o f
# MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the
# GNU General Publ ic L i cense f o r more d e t a i l s .
#
# You should have r e c e i v ed a copy o f the GNU General Publ ic L i cense

15 # along with t h i s program . I f not , s e e <http ://www. gnu . org / l i c e n s e s />.

CC=gcc
CFLAGS=−std=c99 −Wall −pedant ic −Wextra −Wno−unused−parameter −O3 −march=nat ive ⤦

Ç −pthread −lGLEW −lGL − l g l u t − l j a c k −lm

20 BINARY = f r a c t a l −channel −hopping
SOURCES = channel . c record . c p f i f o . c l i s t . c main . c
HEADERS = channel . h record . h p f i f o . h l i s t . h c on f i g . h
GENHEAD = fch . f r a g . c yuv2rgb . f r a g . c

25 a l l : $ (BINARY)

c l ean :
−rm $ (BINARY) $ (GENHEAD)

30 . SUFFIXES :
.PHONY: a l l c l ean

$ (BINARY) : $ (SOURCES) $ (HEADERS) $ (GENHEAD)
$ (CC) $ (CFLAGS) −o $ (BINARY) $ (SOURCES)

35

%. f r ag . c : %. f r ag s2c . sh
. / s2c . sh $∗ f r a g < $< > $@

19 src/pfifo.c

/∗
f r a c t a l −channel −hopping −− i n f i n i t e f r a c t a l t e l e v i s i o n zoom
Copyright (C) 2011 Claude Heiland −Allen

5 This program i s f r e e so f tware : you can r e d i s t r i b u t e i t and/ or modify
i t under the terms o f the GNU General Publ ic L i cense as publ i shed by
the Free Software Foundation , e i t h e r v e r s i on 3 o f the License , or
( at your opt ion ) any l a t e r v e r s i on .

10 This program i s d i s t r i b u t e d in the hope that i t w i l l be use fu l ,
but WITHOUT ANY WARRANTY; without even the impl i ed warranty o f
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the
GNU General Publ ic L i cense f o r more d e t a i l s .

15 You should have r e c e i v ed a copy o f the GNU General Publ ic L i cense
along with t h i s program . I f not , s e e <http ://www. gnu . org / l i c e n s e s />.

∗/

#inc lude <a s s e r t . h>
20 #inc lude <s t r i n g . h>

#inc lude ” p f i f o . h”

void ∗ p f i f o consumer thread ( void ∗) ;

25 s t r u c t p f i f o ∗ p f i f o c r e a t e ( p f i f o consumer ∗consumer , void ∗ consumerdata ) {
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s t r u c t p f i f o ∗p = mal loc ( s i z e o f ( s t r u c t p f i f o ) ) ;
i f ( ! p ) re turn 0 ;
l i s t i n i t (&(p−> l i s t ) ) ;
p−>running = 1 ;

30 p−>consumer = consumer ;
p−>consumerdata = consumerdata ;
p−>mutex = mal loc ( s i z e o f ( pthread mutex t ) ) ;
p thread mutex in i t (p−>mutex , 0) ;
p−>nonempty = malloc ( s i z e o f ( pthread cond t ) ) ;

35 pth r ead cond in i t (p−>nonempty , 0) ;
p th r ead c r ea t e (&(p−>thread ) , 0 , p f i f o consumerthread , p) ;
r e turn p ;

}

40 void p f i f o d e s t r o y ( s t r u c t p f i f o ∗p) {
p−>running = 0 ;
p th r ead j o i n (p−>thread , 0) ;
// FIXME proper c leanup . . .

}
45

void p f i f o enqueue ( s t r u c t p f i f o ∗p , s i z e t length , const void ∗data ) {
s t r u c t p f i f o n od e ∗n = mal loc ( s i z e o f ( s t r u c t p f i f o n od e ) ) ;
a s s e r t (n) ;
n−>l ength = length ;

50 n−>data = mal loc ( l ength ) ;
a s s e r t (n−>data ) ;
memcpy(n−>data , data , l ength ) ;
pthread mutex lock (p−>mutex ) ;
l i s t i n s e r t t a i l (&(p−> l i s t ) , &(n−>node ) ) ;

55 pthread mutex unlock (p−>mutex ) ;
p th r ead cond s i gna l (p−>nonempty ) ;

}

void ∗ p f i f o consumer thread ( void ∗ f i f o ) {
60 s t r u c t p f i f o ∗p = f i f o ;

pthread mutex lock (p−>mutex ) ;
whi l e (p−>running ) {

whi le ( l i s t i s emp t y (&(p−> l i s t ) ) ) pthread cond wait (p−>nonempty , p−>mutex ) ;
s t r u c t p f i f o n od e ∗n = ( s t r u c t p f i f o n od e ∗) l i s t r emovehead (&(p−> l i s t ) ) ;

65 p−>consumer (p−>consumerdata , n−>l ength , n−>data ) ;
f r e e (n−>data ) ;
f r e e (n) ;

}
pth r ead ex i t (0 ) ;

70 re turn 0 ;
}

20 src/pfifo.h

/∗
f r a c t a l −channel −hopping −− i n f i n i t e f r a c t a l t e l e v i s i o n zoom
Copyright (C) 2011 Claude Heiland −Allen

5 This program i s f r e e so f tware : you can r e d i s t r i b u t e i t and/ or modify
i t under the terms o f the GNU General Publ ic L i cense as publ i shed by
the Free Software Foundation , e i t h e r v e r s i on 3 o f the License , or
( at your opt ion ) any l a t e r v e r s i on .
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10 This program i s d i s t r i b u t e d in the hope that i t w i l l be use fu l ,
but WITHOUT ANY WARRANTY; without even the impl i ed warranty o f
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the
GNU General Publ ic L i cense f o r more d e t a i l s .

15 You should have r e c e i v ed a copy o f the GNU General Publ ic L i cense
along with t h i s program . I f not , s e e <http ://www. gnu . org / l i c e n s e s />.

∗/

#i f n d e f PFIFO H
20 #de f i n e PFIFO H 1

#inc lude <s t d l i b . h>
#inc lude <pthread . h>
#inc lude ” l i s t . h”

25

typede f void ( p f i f o consumer ) ( void ∗ , s i z e t , void ∗) ;

s t r u c t p f i f o n od e {
s t r u c t node node ;

30 s i z e t l ength ;
void ∗data ;

} ;

s t r u c t p f i f o {
35 p f i f o consumer ∗consumer ;

void ∗ consumerdata ;
s t r u c t l i s t l i s t ;
p thread t thread ;
pthread mutex t ∗mutex ;

40 pthread cond t ∗nonempty ;
i n t running ;

} ;

s t r u c t p f i f o ∗ p f i f o c r e a t e ( p f i f o consumer ∗consumer , void ∗ consumerdata ) ;
45 void p f i f o d e s t r o y ( s t r u c t p f i f o ∗ f i f o ) ;

void p f i f o enqueue ( s t r u c t p f i f o ∗ f i f o , s i z e t length , const void ∗data ) ;

#end i f

21 src/record.c

/∗
f r a c t a l −channel −hopping −− i n f i n i t e f r a c t a l t e l e v i s i o n zoom
Copyright (C) 2011 ,2019 Claude Heiland −Allen

5 This program i s f r e e so f tware : you can r e d i s t r i b u t e i t and/ or modify
i t under the terms o f the GNU General Publ ic L i cense as publ i shed by
the Free Software Foundation , e i t h e r v e r s i on 3 o f the License , or
( at your opt ion ) any l a t e r v e r s i on .

10 This program i s d i s t r i b u t e d in the hope that i t w i l l be use fu l ,
but WITHOUT ANY WARRANTY; without even the impl i ed warranty o f
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the
GNU General Publ ic L i cense f o r more d e t a i l s .
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15 You should have r e c e i v ed a copy o f the GNU General Publ ic L i cense
along with t h i s program . I f not , s e e <http ://www. gnu . org / l i c e n s e s />.

∗/

#de f i n e DEFAULT SOURCE
20

#inc lude <s t d i o . h>
#inc lude <s t d l i b . h>
#inc lude <s t r i n g . h>
#inc lude <time . h>

25

#inc lude <GL/glew . h>
#inc lude <j ack / jack . h>

#inc lude ” p f i f o . h”
30 #inc lude ” record . h”

void r e c o r d w r i t e r ( void ∗arg , s i z e t l , void ∗data ) {
s t r u c t record ∗ record = arg ;
unsigned char ∗ bu f f e r = data ;

35 fw r i t e ( record−>header , s t r l e n ( record−>header ) , 1 , record−>ppm) ;
f o r ( i n t y = record−>he ight − 1 ; y >= 0 ; −−y ) {

fw r i t e ( bu f f e r + record−>width ∗ y ∗ 3 , record−>width ∗ 3 , 1 , record−>ppm) ;
}
i f ( ! j a c k po r t c onne c t ed t o ( record−> j p o r t [ 0 ] , ” record : input 1 ”) ) {

40 j a ck connec t ( record−> j c l i e n t , jack port name ( record−> j p o r t [ 0 ] ) , ” record :⤦
Ç i nput 1 ”) ;

}
i f ( ! j a c k po r t c onne c t ed t o ( record−> j p o r t [ 1 ] , ” record : input 2 ”) ) {

j a ck connec t ( record−> j c l i e n t , jack port name ( record−> j p o r t [ 1 ] ) , ” record :⤦
Ç i nput 2 ”) ;
}

45 }

s t r u c t record ∗ r e c o r d s t a r t ( i n t w, i n t h , j a c k c l i e n t t ∗ j c l i e n t , j a c k p o r t t ∗∗⤦
Ç j p o r t s ) {

s t r u c t record ∗ record = mal loc ( s i z e o f ( s t r u c t record ) ) ;
record−>width = w;

50 record−>he ight = h ;
record−>bytes = w ∗ h ∗ 3 ;
record−>bu f f e r = mal loc ( record−>bytes ) ;
s n p r i n t f ( record−>header , 62 , ”P6\n%d %d 255\n” , w, h) ;
record−>header [ 6 3 ] = 0 ;

55 const char ∗vfmt = ”ppmtoy4m −v0 −S444 −F25 : 1 2>’tmp/ record .ppm. log ’ | f fmpeg ⤦
Ç − l o g l e v e l 0 − f yuv4mpegpipe − i p ipe :− −ac 2 − f j ack − i r ecord − t a r g e t ⤦
Ç pal −dvd − s h o r t e s t ’ f r a c t a l −channel −hopping %Y−%m−%d %H−%M−%S %z .mpeg ’ >’⤦
Ç tmp/ record . ffmpeg . log ’ 2>&1”;

i n t v len = s t r l e n ( vfmt ) + 64 ;
char ∗vcmd = mal loc ( v len ) ;
t ime t t = time (NULL) ;
s t r u c t tm tm ;

60 l o c a l t im e r (&t , &tm) ;
i f (0 == s t r f t ime (vcmd , vlen , vfmt , &tm) ) {

re turn 0 ;
}
record−> j c l i e n t = j c l i e n t ;

65 record−> j p o r t [ 0 ] = j p o r t s [ 0 ] ;
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record−> j p o r t [ 1 ] = j p o r t s [ 1 ] ;
record−>ppm = popen (vcmd , ”w”) ;
record−>p f i f o = p f i f o c r e a t e ( r e c o rd wr i t e r , r ecord ) ;
r e turn record ;

70 }

void record f rame ( s t r u c t record ∗ record ) {
g lReadPixe l s (0 , 0 , record−>width , record−>height , GL RGB, GL UNSIGNED BYTE, ⤦

Ç record−>bu f f e r ) ;
p f i f o enqueue ( record−>p f i f o , record−>bytes , record−>bu f f e r ) ;

75 }

void r e co rd s t op ( s t r u c t record ∗ record ) {
p f i f o d e s t r o y ( record−>p f i f o ) ;
p c l o s e ( record−>ppm) ;

80 f r e e ( record−>bu f f e r ) ;
f r e e ( record ) ;

}

22 src/record.h

/∗
f r a c t a l −channel −hopping −− i n f i n i t e f r a c t a l t e l e v i s i o n zoom
Copyright (C) 2011 Claude Heiland −Allen

5 This program i s f r e e so f tware : you can r e d i s t r i b u t e i t and/ or modify
i t under the terms o f the GNU General Publ ic L i cense as publ i shed by
the Free Software Foundation , e i t h e r v e r s i on 3 o f the License , or
( at your opt ion ) any l a t e r v e r s i on .

10 This program i s d i s t r i b u t e d in the hope that i t w i l l be use fu l ,
but WITHOUT ANY WARRANTY; without even the impl i ed warranty o f
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the
GNU General Publ ic L i cense f o r more d e t a i l s .

15 You should have r e c e i v ed a copy o f the GNU General Publ ic L i cense
along with t h i s program . I f not , s e e <http ://www. gnu . org / l i c e n s e s />.

∗/

#i f n d e f RECORDH
20 #de f i n e RECORDH 1

#inc lude <s t d i o . h>

#inc lude <j ack / jack . h>
25

#inc lude ” p f i f o . h”

s t r u c t record {
i n t width ;

30 i n t he ight ;
i n t bytes ;
unsigned char ∗ bu f f e r ;
char header [ 6 4 ] ;
FILE ∗ppm;

35 FILE ∗wav ;
s t r u c t p f i f o ∗ p f i f o ;
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j a c k c l i e n t t ∗ j c l i e n t ;
j a c k p o r t t ∗ j p o r t [ 2 ] ;

} ;
40

s t r u c t record ∗ r e c o r d s t a r t ( i n t w, i n t h , j a c k c l i e n t t ∗ j c l i e n t , j a c k p o r t t ∗∗⤦
Ç j p o r t s ) ;

void record f rame ( s t r u c t record ∗ record ) ;
void r e co rd s t op ( s t r u c t record ∗ record ) ;

45 #end i f

23 src/s2c.sh

#!/bin /bash
# f r a c t a l −channel −hopping −− i n f i n i t e f r a c t a l t e l e v i s i o n zoom
# Copyright (C) 2011 Claude Heiland −Allen
#

5 # This program i s f r e e so f tware : you can r e d i s t r i b u t e i t and/ or modify
# i t under the terms o f the GNU General Publ ic L i cense as publ i shed by
# the Free Software Foundation , e i t h e r v e r s i on 3 o f the License , or
# ( at your opt ion ) any l a t e r v e r s i on .
#

10 # This program i s d i s t r i b u t e d in the hope that i t w i l l be use fu l ,
# but WITHOUT ANY WARRANTY; without even the impl i ed warranty o f
# MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the
# GNU General Publ ic L i cense f o r more d e t a i l s .
#

15 # You should have r e c e i v ed a copy o f the GNU General Publ ic L i cense
# along with t h i s program . I f not , s e e <http ://www. gnu . org / l i c e n s e s />.
echo ”/∗ machine−generated f i l e , do not ed i t ∗/”
echo ” s t a t i c const char ∗$1 =”
sed ’ s | ˆ | ” | ’ |

20 sed ’ s | $ | \\n ” | ’
echo ” ;”

24 src/yuv2rgb.frag

/∗
f r a c t a l −channel −hopping −− i n f i n i t e f r a c t a l t e l e v i s i o n zoom
Copyright (C) 2011 Claude Heiland −Allen

5 This program i s f r e e so f tware : you can r e d i s t r i b u t e i t and/ or modify
i t under the terms o f the GNU General Publ ic L i cense as publ i shed by
the Free Software Foundation , e i t h e r v e r s i on 3 o f the License , or
( at your opt ion ) any l a t e r v e r s i on .

10 This program i s d i s t r i b u t e d in the hope that i t w i l l be use fu l ,
but WITHOUT ANY WARRANTY; without even the impl i ed warranty o f
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the
GNU General Publ ic L i cense f o r more d e t a i l s .

15 You should have r e c e i v ed a copy o f the GNU General Publ ic L i cense
along with t h i s program . I f not , s e e <http ://www. gnu . org / l i c e n s e s />.

∗/

#ve r s i on 130
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fractal-channel-hopping start.sh

20

uniform sampler2D y ;
uniform sampler2D u ;
uniform sampler2D v ;

25 void main ( void ) {
const mat4 m = mat4 (

1 .1643828125 , 0 . 0 , 1 .59602734375 , −0.87078515625 ,
1 .1643828125 , −0.39176171875 , −0.81296875 , 0 .52959375 ,
1 .1643828125 , 2 .017234375 , 0 . 0 , −1.081390625 ,

30 0 . 0 , 0 . 0 , 0 . 0 , 1 . 0
) ;
vec2 p = gl TexCoord [ 0 ] . xy ;
vec3 yuv = vec3 ( t ex ture (y , p ) . r , t ex ture (u , p) . r , t ex ture (v , p ) . r ) ;
g l FragData [ 0 ] = vec4 (yuv , 1 . 0 ) ∗ m;

35 }

25 start.sh

#!/bin /bash
# f r a c t a l −channel −hopping −− i n f i n i t e f r a c t a l t e l e v i s i o n zoom
# Copyright (C) 2011 ,2019 Claude Heiland −Allen
#

5 # This program i s f r e e so f tware : you can r e d i s t r i b u t e i t and/ or modify
# i t under the terms o f the GNU General Publ ic L i cense as publ i shed by
# the Free Software Foundation , e i t h e r v e r s i on 3 o f the License , or
# ( at your opt ion ) any l a t e r v e r s i on .
#

10 # This program i s d i s t r i b u t e d in the hope that i t w i l l be use fu l ,
# but WITHOUT ANY WARRANTY; without even the impl i ed warranty o f
# MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the
# GNU General Publ ic L i cense f o r more d e t a i l s .
#

15 # You should have r e c e i v ed a copy o f the GNU General Publ ic L i cense
# along with t h i s program . I f not , s e e <http ://www. gnu . org / l i c e n s e s />.
#
S=”$ ( dirname ”$ ( r e ad l i nk − f ”$0 ”) ”) ”
FCH=”${S}/ s r c / f r a c t a l −channel −hopping”

20 CHANNELS=(Channel ∗)
make −C ”${S}/ s r c ” &&
mkdir −p tmp &&
fo r c in ”${CHANNELS[@]}”
do

25 rm − f ”tmp/${c } . f i f o ”
mkf i fo ”tmp/${c } . f i f o ”

done &&
”${FCH}” ”${CHANNELS[@]}”
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