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1 ARCHITECTURE.dot

digraph G {
// t ex tu r e s
node [ shape=box , s t y l e=f i l l e d , f i l l c o l o r=l i g h t g r e y ] ;
b a l l s ;

5 ba l l s 1024 ;
ba l l s 1024h ;
ba l l s 5 12 ;
ba l l s 512h ;
ba l l s 2 56 ;

10 ba l l s 256h ;
ba l l s 1 28 ;
ba l l s 128h ;
b a l l s 6 4 ;
ba l l s 64h ;

15 ba l l s 3 2 ;
g l ow ingBa l l s ;
// shaders
node [ shape=para l l e logram , s t y l e=f i l l e d , f i l l c o l o r=l i g h t b l u e ] ;
h ighpass ;

20 blurH1 ;
blurH2 ;
blurH3 ;
blurH4 ;
blurH5 ;

25 blurV1 ;
blurV2 ;
blurV3 ;
blurV4 ;
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blurV5 ;
30 wsum;

// edges
b a l l s −> highpass −>
ba l l s 1024 −> blurH1 −> ba l l s 1024h −> blurV1 −>
ba l l s 5 12 −> blurH2 −> ba l l s 512h −> blurV2 −>

35 ba l l s 2 56 −> blurH3 −> ba l l s 256h −> blurV3 −>
ba l l s 1 28 −> blurH4 −> ba l l s 128h −> blurV4 −>
ba l l s 6 4 −> blurH5 −> ba l l s 64h −> blurV5 −>
ba l l s 3 2 ;
ba l l s 1024 −> wsum;

40 ba l l s 5 12 −> wsum;
ba l l s 2 56 −> wsum;
ba l l s 1 28 −> wsum;
ba l l s 6 4 −> wsum;
ba l l s 3 2 −> wsum;

45 wsum −> g low ingBa l l s ;
} ;

2 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

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
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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 .

”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
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i n 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 .

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
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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
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 .
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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
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
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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

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
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f i x e d 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 ons 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
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
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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
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 .
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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 v e r s i on ” .

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 con 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
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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
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
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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 .
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
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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 ng 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 .

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 ” .
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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>.

3 dvd.xml

<dvdauthor>
<vmgm/>
< t i t l e s e t ><menus/>< t i t l e s >
<pgc>

5 <vob f i l e =”hour .mpeg” chapter s⤦
Ç =”00 : 0 0 , 0 5 : 0 0 , 1 0 : 0 0 , 1 5 : 0 0 , 2 0 : 0 0 , 2 5 : 0 0 , 3 0 : 0 0 , 3 5 : 0 0 , 4 0 : 0 0 , 4 5 : 0 0 , 5 0 : 0 0 , 5 5 : 0 0 , 1 : 0 0 : 0 0”⤦
Ç />

<post>jump chapter 1;</post>
</pgc>
</ t i t l e s ></t i t l e s e t >
</dvdauthor>

4 .gitignore

∗˜
∗ . o
∗ . f r a g . c
∗ . v e r t . c

5 s e s s i o n
s r c / cur so r . bin
s r c / cur so r . c
s r c / i n t e r l e a v e 3 1
s r c / i n t e r l e av e31 1024

10 s r c / rdex
∗ .mpeg
∗ . ogv
∗ .m2v
∗ .mp2

15 ∗ .mkv
∗ .mp4
∗ . raw
∗ . wav
/

5 RDEX.desktop

#!/usr /bin /env xdg−open

[ Desktop Entry ]
Encoding=UTF−8

5 Vers ion=1.0
Type=Appl i ca t ion
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Exec=/home/ c laude /code/ rdex/ c l i e n t / s t a r t . sh
Name=RDEX
Comment=Reaction D i f f u s i on Explorer

10 Icon=/home/ c laude / code/ rdex/ c l i e n t /RDEX. png

6 rdex.jr

(application/gzip; charset=binary)

7 RDEX.png

8 README

rdex −− r eac t i on − d i f f u s i o n exp l o r e r
===================================

What I s This Al l About?
5 −−−−−−−−−−−−−−−−−−−−−−−

A kind o f cont inuous non− l i n e a r c e l l u l a r automaton , based on s o l u t i o n o f
p a r t i a l d i f f e r e n t i a l equat ions r ep r e s en t i ng chemistry o f two reagent s
i nvo l v i ng r e a c t i on and d i f f u s i o n :

10

dU/dt = ru ∗ L(U) − U∗V∗V + f ∗ (1 − U)
dV/dt = rv ∗ L(V) + U∗V∗V − ( f + k ) ∗ V

where :
15

L(x ) = Laplac ian operator
ru = d i f f u s i o n parameter f o r U
rv = d i f f u s i o n parameter f o r V
f = some coup l ing parameter

20 l = another coup l ing parameter
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This g i v e s a 4D parameter space :

p = ( ru , rv , f , k )
25

What rdex does i s to exp lo r e t h i s parameter space to t ry and f i nd the
” i n t e r e s t i n g ” va lue s . I t l a b e l s each po int ( in 4D space ) as f o l l ow s :

uniform => the r e a c t i on decays in to un i n t e r e s t i n g f l a t n e s s
30 s t ab l e => the r e a c t i on decays in to a s t a t i c pattern

dynamic => the r e a c t i on seems to have an ever changing pattern
e r r a t i c => the numerica l p roce s s blew up

rdex exp l o r e s the space complete ly at random , but spends more time
35 on more ” i n t e r e s t i n g ” po in t s in the parameter space .

Viewing 4D
−−−−−−−−−−

40

In 3D homogeneous coo rd ina t e s :

M proj = | 2n/( r− l ) 0 ( r+l ) /( r− l ) 0 |
| 0 2n/( t−b) ( t+b) /( t−b) 0 |

45 | 0 0 (n+f ) /(n− f ) (2 nf ) /(n− f ) |
| 0 0 −1 0 |

where
l = l e f t r = r i gh t
t = top b = bottom

50 n = near f = f a r

P obj = ( ( o r i g i n a l po int in ob j e c t space ) . xyz , 1)

P c l i p = M proj ∗ M view ∗ M model ∗ P obj
55

P view = P c l i p . xyz / P c l i p .w

draw when −1 < P view . c < 1 f o r a l l c in xyz

60 In 4D homogeneous coo rd ina t e s :

M proj = | 2n/( r− l ) 0 0 ( r+l ) /( r− l ) 0 |
| 0 2n/( t−b) 0 ( t+b) /( t−b) 0 |
| 0 0 2n/( i − j ) ( i+j ) /( i − j ) 0 |

65 | 0 0 0 (n+f ) /(n− f ) (2 nf ) /(n− f ) |
| 0 0 0 −1 0 |

where
l = l e f t r = r i gh t
t = top b = bottom

70 i = above j = below
n = near f = f a r

P obj = ( ( o r i g i n a l po int in ob j e c t space ) . xyzw , 1)

75 P c l i p = M proj ∗ M view ∗ M model ∗ P obj

P view = P c l i p . xyzw / P c l i p . h
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draw when −1 < P view . c < 1 f o r a l l c in xyzw
80

Hardware Requirements
−−−−−−−−−−−−−−−−−−−−−

85 ∗ Faster GPU pr e f e r r e d
∗ GLSL fragment shader support

Software Requirements
90 −−−−−−−−−−−−−−−−−−−−−

∗ Linux (maybe works on other OS’ s too )
∗ C compi le r ( gcc ) , bash sh e l l , sed
∗ OpenGL development f i l e s : GL/GLU/GLUT/GLEW

95 ∗ X11 development f i l e s : Xpm
∗ CURL development f i l e s
∗ Acce l e ra ted 3D d r i v e r s

100 Usage
−−−−−

Warning : rdex v i s u a l output can c on s i s t o f r ap id l y s t r ob ing br i ght
co l our patterns , i f you are s e n s i t i v e to them then be c a r e f u l or don ’ t

105 run rdex at a l l .

$ make −C s r c # bu i ld the program
$ export RDEX SESSION=”/path/ to / f o l d e r ” # where to s t o r e data
$ export RDEXUPLOAD=”http :// host / to /upload/ to ” # i f upload de s i r ed

110 $ unset RDEXUPLOAD # i f no upload de s i r ed
$ . / s r c / rdex # run the program

See rdex− s e r v e r documentation f o r the c o r r e c t va lue f o r RDEXUPLOAD.

115

Tested Machines
−−−−−−−−−−−−−−−

Machine #1
120 ∗ I n t e l (R) Pentium (R) M proc e s s o r 1 .60GHz

∗ ATI Techno log ie s Inc RV350 [ Mobi l i ty Radeon 9600 M10 ]
∗ GNU/Linux | Debian/Lenny | puredyne
∗ ” e v i l b l o b ” f g l r x d r i v e r support ing OpenGL 2 .1 . 7769
∗ gcc (Debian 4 .3 .2 −1) 4 . 3 . 2

125

Machine #2
∗ I n t e l (R) Core (TM)2 Duo CPU P7550 2 .26GHz
∗ nVidia Corporat ion G98M [ GeForce G 105M] ( rev a1 )
∗ GNU/Linux | Ubuntu/Karmic p r e r e l e a s e

130 ∗ ” e v i l b l o b ” nv id ia d r i v e r support ing OpenGL 3 . 2 . 0
∗ gcc ve r s i on 4 . 4 . 1 (Ubuntu 4.4 .1 −4 ubuntu8 )

Test r epo r t s ( whether s u c c e s f u l or not ) are very welcome !
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135

Benchmarks
−−−−−−−−−−

rdex− c l i e n t −0. beta on machine #2
140

−−8<−−
360172 seconds e lapsed
17145469 frames rendered (47 .603559 fp s )
74388 s p e c i e s analyzed (0 .206535 sps )

145 88.78% uniform
2.80% s t ab l e
0.87% dynamic
7.55% e r r a t i c

−−8<−−
150 r e a l 6002m53.508 s

user 795m50.752 s
sys 66m12.448 s
−−8<−−
Note : t iming may be o f f by an hour due to day l i gh t sav ings time change

155

rdex− c l i e n t −0. svn1543 on machine #2

−−8<−−
14912 seconds e lapsed (+/− 1)

160 882935 frames rendered (59 .209697 fp s )
11785 frames dropped (+/− 60)
2996 s p e c i e s analyzed (0 .200912 sps )

89.72% uniform
1.84% s t ab l e

165 1.90% dynamic
6.54% e r r a t i c

−−8<−−

170 Legal
−−−−−

rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2008−2017 Claude Heiland −Allen <claude@mathr . co . uk>

175

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 .

180

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 .

185

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 />.

190 rdex conta in s po r t i on s o f code der ived from FIRE :
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FIRE −− F l e x i b l e Image Re t r i e va l System

195 FIRE 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 2 o f the License , or ( at your
opt ion ) any l a t e r v e r s i on .

200 FIRE 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 .

205 You should have r e c e i v ed a copy o f the GNU General Publ ic L i cense
along with FIRE ; i f not , wr i t e to the Free Software Foundation , Inc . ,
59 Temple Place , Su i t e 330 , Boston , MA 02111−1307 USA

210 Cred i t s
−−−−−−−

Thanks to Laruft f o r f i nd i n g two bugs and t e s t i n g !

215

Refe rences
−−−−−−−−−−

Pedro F . Felzenszwalb , Danie l P . Huttenlocher .
220 E f f i c i e n t Graph−Based Image Segmentation .

I n t e r n a t i o n a l Journal o f Computer Vis ion , Volume 59 , Number 2 , pp . 167−181 , ⤦
Ç September 2004 , Spr inger .

http ://www. cs . wisc . edu/˜ dyer / ai −qual / f e l z enszwa lb − i j c v 0 4 . pdf

Greg Pass , Jus t in Mi l l e r , Ramin Zabih .
225 Comparing Images Using Color Coherence Vectors .

MULTIMEDIA ’96 : Proceed ings o f the four th ACM in t e r n a t i o n a l con f e r ence on ⤦
Ç Multimedia , pp . 65−73 , 1996 , ACM

http ://www. labiem . cpge i . c e f e t p r . br/Members/humberto/ d i s c i p l i n a s /pdi / papers /⤦
Ç compar ing imagesus ingco lor . pdf

Dese laer s , T. , Keysers , D. , Ney , H.
230 Features f o r Image Re t r i e va l : An Experimental Comparison .

In format ion Retr i eva l , vo l . 11 , i s s u e 2 , The Netherlands , Spr inger , pp . 77−107 , ⤦
Ç 03/2008.

http :// thomas . d e s e l a e r s . de/ system/ f i l e s / cb i r . pdf

Jörg Walter , Danie l Wessling , Kai Ess ig , Helge R i t t e r .
235 I n t e r a c t i v e hype rbo l i c image browsing − towards an in t e g r a t ed multimedia ⤦

Ç nav igator .
ACM MDM/KDD Multimedia Data Mining and Conf Knowledge Discovery and Data Mining ,⤦

Ç Phi lade lph ia , USA, August 2006 .
https : //www. tech fak . uni− b i e l e f e l d . de/˜ wa l te r /pub/WalterWessEssRit−mdm06kdd . pdf

9 setup.sh

#!/bin /bash
chgrp audio /dev/hpet
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f o r i in 0 1
do

5 echo ”performance ” > ”/ sys / dev i c e s / system/cpu/cpu${ i }/ cpufreq / s c a l i n g gov e rno r⤦
Ç ”

done
cat ”/ data/cm/ rdex/ s e s s i o n /”∗ > /dev/ nu l l

10 src/arithmeticmean.c

/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2008 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 Arithmet ic Mean Shader
===================================================================== ∗/

#inc lude <math . h>
#inc lude ” u t i l . h”

10 #inc lude ” arithmeticmean . h”
#inc lude ” arithmeticmean . f r a g . c”

//======================================================================
// ar i thmet i c mean shader i n i t i a l i z a t i o n

15 s t r u c t arithmeticmean ∗ a r i thmet i cmean in i t (
s t r u c t arithmeticmean ∗ arithmeticmean

) {
i f ( ! ar ithmeticmean ) { re turn 0 ; }
i f ( ! s h a d e r i n i t (

20 &arithmeticmean−>shader , 0 , a r i thmet i cmean f rag
) ) {

re turn 0 ;
}
shader uni form ( arithmeticmean , t ex ture ) ;

25 shader uni form ( arithmeticmean , dx ) ;
shader uni form ( arithmeticmean , dy ) ;
arithmeticmean−>value . t ex ture = 0 ;
arithmeticmean−>value . dx = 0 ;
arithmeticmean−>value . dy = 0 ;

30 glGenTextures ( arithmeticmean tex max , arithmeticmean−>t ex tu r e s ) ;
g lEnable (GL TEXTURE 2D) ;
f o r ( i n t i = 0 ; i < arithmeticmean tex max ; ++i ) {

glBindTexture (GL TEXTURE 2D, arithmeticmean−>t ex tu r e s [ i ] ) ;
g lTexParameteri (GL TEXTURE 2D, GL TEXTURE MIN FILTER, GL NEAREST) ;

35 glTexParameteri (GL TEXTURE 2D, GL TEXTURE MAG FILTER, GL NEAREST) ;
}
g lD i s ab l e (GL TEXTURE 2D) ;
arithmeticmean−> r e s u l t [ 0 ] = 0 ;
arithmeticmean−> r e s u l t [ 1 ] = 0 ;

40 arithmeticmean−> r e s u l t [ 2 ] = 0 ;
arithmeticmean−> r e s u l t [ 3 ] = 0 ;
arithmeticmean−>stddev = 0 ;
re turn arithmeticmean ;

}
45

//======================================================================
// ar i thmet i c mean shader reshape ca l l b a ck
void ar i thmet icmean reshape (
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s t r u c t arithmeticmean ∗arithmeticmean , i n t w, i n t h
50 ) {

i n t w2 = roundtwo (w) ;
i n t h2 = roundtwo (h) ;
i n t d = w2>h2 ? w2 : h2 ;
arithmeticmean−>count = logtwo (d) ;

55 glEnable (GL TEXTURE 2D) ;
f o r ( i n t i = 0 ; i < arithmeticmean−>count ; ++i ) {

glBindTexture (GL TEXTURE 2D, arithmeticmean−>t ex tu r e s [ i ] ) ;
glTexImage2D (GL TEXTURE 2D, 0 , GL RGBA32F ARB,

1<<i , 1<<i , 0 , GL RGBA, GL FLOAT, 0
60 ) ;

}
g lD i s ab l e (GL TEXTURE 2D) ;

}

65 //======================================================================
// ar i thmet i c mean d i sp l ay ca l l ba ck
void ar i thmet i cmean d i sp lay (

s t r u c t arithmeticmean ∗arithmeticmean , GLuint fbo , GLuint t ex ture
) {

70 glEnable (GL TEXTURE 2D) ;
glBindTexture (GL TEXTURE 2D, t ex ture ) ;

// glBindFramebufferEXT (GL FRAMEBUFFER EXT, fbo ) ;
glUseProgramObjectARB ( arithmeticmean−>shader . program ) ;
f o r ( i n t i = arithmeticmean−>count − 1 ; i >= 0 ; −− i ) {

75 glMatrixMode (GL PROJECTION) ;
g lLoadIdent i ty ( ) ;
gluOrtho2D (0 , 1 , 0 , 1) ;
glMatrixMode (GLMODELVIEW) ;
g lLoadIdent i ty ( ) ;

80 glViewport (0 , 0 , 1<<i , 1<< i ) ;
glFramebufferTexture2DEXT (

GL FRAMEBUFFER EXT, GL COLORATTACHMENT0 EXT, GL TEXTURE 2D,
arithmeticmean−>t ex tu r e s [ i ] , 0

) ;
85 arithmeticmean−>value . dx = 0 .5 / (1 << i ) ;

arithmeticmean−>value . dy = 0 .5 / (1 << i ) ;
shader update i ( arithmeticmean , t ex ture ) ;
shader update f ( arithmeticmean , dx ) ;
shader update f ( arithmeticmean , dy ) ;

90 g lBeg in (GL QUADS) ; { g lCo l o r 4 f ( 1 , 1 , 1 , 1 ) ;
glTexCoord2f (0 , 0) ; g lVe r t ex2 f (0 , 0) ;
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) ;

95 } glEnd ( ) ;
glBindTexture (GL TEXTURE 2D, arithmeticmean−>t ex tu r e s [ i ] ) ;

}
glGetTexImage (

GL TEXTURE 2D, 0 , GL RGBA, GL FLOAT, &arithmeticmean−> r e s u l t
100 ) ;

glUseProgramObjectARB (0) ;
//glBindFramebufferEXT (GL FRAMEBUFFER EXT, 0) ;
g lD i s ab l e (GL TEXTURE 2D) ;

}
105
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//======================================================================
// ar i thmet i c mean i d l e c a l l b a ck
void a r i thmet i cmean id l e ( s t r u c t arithmeticmean ∗ arithmeticmean ) {

arithmeticmean−>stddev =
110 s q r t ( arithmeticmean−> r e s u l t [ 1 ]

− arithmeticmean−> r e s u l t [ 0 ] ∗ arithmeticmean−> r e s u l t [ 0 ] ) +
sq r t ( arithmeticmean−> r e s u l t [ 3 ]
− arithmeticmean−> r e s u l t [ 2 ] ∗ arithmeticmean−> r e s u l t [ 2 ] ) ;

i f ( i snan ( arithmeticmean−>stddev ) ) { arithmeticmean−>stddev = 0 ; }
115 }

// EOF

11 src/arithmeticmean.frag

/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2008 Claude Heiland −Allen <claude@mathr . co . uk>
===================================================================== ∗/

5

uniform sampler2D texture ; // a l l f our channe l s cons ide r ed
uniform f l o a t dx ; // ho r i z on t a l d i s t anc e between source t e x e l s
uniform f l o a t dy ; // v e r t i c a l d i s t ance between source t e x e l s

10 void main ( void ) {
vec2 p = gl TexCoord [ 0 ] . s t ;
vec4 x00 = texture2D ( texture , p ) ; // box o f 4 t e x e l s
vec4 x01 = texture2D ( texture , p + vec2 ( 0 . 0 , dy ) ) ;
vec4 x10 = texture2D ( texture , p + vec2 (dx , 0 . 0 ) ) ;

15 vec4 x11 = texture2D ( texture , p + vec2 (dx , dy ) ) ;
g l FragCo lor = 0 .25∗ ( x00+x01+x10+x11 ) ; // a r i thmet i c mean

}

12 src/arithmeticmean.h

/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2008 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 Arithmet ic Mean Shader
===================================================================== ∗/

#i f n d e f ARITHMETIC MEAN H
#de f i n e ARITHMETIC MEAN H 1

10

#inc lude ” shader . h”

//======================================================================
// maximum number o f t ex tu r e s to a l l o c a t e (16 => 65536 x65536 max s i z e )

15 #de f i n e arithmeticmean tex max 16

//======================================================================
// ar i thmet i c mean shader data
s t r u c t arithmeticmean { s t r u c t shader shader ;

20 s t r u c t { GLint t ex ture ; GLint dx ; GLint dy ; } uniform ;
s t r u c t { i n t t ex ture ; f l o a t dx ; f l o a t dy ; } value ;
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i n t count ;
GLuint t ex tu r e s [ ar ithmeticmean tex max ] ;
GLfloat r e s u l t [ 4 ] ;

25 f l o a t stddev ;
} ;

//======================================================================
// prototypes

30 s t r u c t arithmeticmean ∗ a r i thmet i cmean in i t (
s t r u c t arithmeticmean ∗ arithmeticmean

) ;
void ar i thmet icmean reshape (

s t r u c t arithmeticmean ∗arithmeticmean , i n t w, i n t h
35 ) ;

void ar i thmet i cmean d i sp lay (
s t r u c t arithmeticmean ∗arithmeticmean , GLuint fbo , GLuint t ex ture

) ;
void a r i thmet i cmean id l e ( s t r u c t arithmeticmean ∗ arithmeticmean ) ;

40

#end i f

13 src/audio.c

/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2010 ,2011 ,2017 ,2019 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 Audio output
===================================================================== ∗/

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

10 #inc lude <s t d l i b . h>
#inc lude <s t r i n g . h>
#inc lude <GL/glew . h>
#inc lude <uni s td . h>
#inc lude < f c n t l . h>

15 #inc lude <sys / i o c t l . h>
#inc lude <sys / soundcard . h>
#inc lude ” audio . h”
#inc lude ” audio . f r a g . c”

20 v o l a t i l e char aud io read = AUDIO BUFFERS / 2 ;
v o l a t i l e char aud io wr i t e = 0 ;
v o l a t i l e char aud i o r e s e t = 1 ;

void audio compute ( s t r u c t audio ∗audio , j a c k d e f au l t aud i o s amp l e t ∗∗out , ⤦
Ç j a ck n f r ames t nframes ) {

25 /∗ copy bu f f e r s to JACK ∗/
f o r ( i n t i = 0 ; i < nframes ; ++i ) {

i n t r = audio read ;
f o r ( i n t c = 0 ; c < AUDIO CHANNELS; ++c ) {

// DC blocke r
30 switch ( audio−>s t a t e ) {

case aud i o s t a t e p r epa r e :
audio−>sample [ c ] = 0 ;
audio−>iphase [ c ] = 0 . 0 ;
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out [ c ] [ i ] = 0 . 0 ;
35 break ;

case a ud i o s t a t e i n t r o : {
double hz = 1000 ;
double s r = audio−>s r ? audio−>s r : 48000 ;
double i n c r = 6.283185307179586 ∗ hz / s r ;

40 audio−>iphase [ c ] = fmod ( audio−>iphase [ c ] + incr , 6 .283185307179586) ;
out [ c ] [ i ] = s i n ( audio−>iphase [ c ] ) / 10 ;
audio−>sample [ c ]++;
break ;

}
45 case aud i o s t a t e ou t r o : {

i n t loop = audio−> s i z e − 3 .0 ∗ audio−>sphase ;
i n t j = audio−>index + audio−>sphase ∗ 4 .0 ∗ ( rand ( ) / ( ( double ) ⤦

Ç RANDMAX) − 0 . 5 ) ;
j %= loop ;
i f ( j < 0) { j += loop ; }

50 j a c k d e f au l t aud i o s amp l e t xn = audio−>bu f f e r [ r ] [ c ] [ j ] ;
audio−>yn1 [ 0 ] [ c ] = xn − audio−>xn1 [ 0 ] [ c ] + audio−>r [ 0 ] [ c ] ∗ audio−>yn1⤦

Ç [ 0 ] [ c ] ;
audio−>xn1 [ 0 ] [ c ] = xn ;
out [ c ] [ i ] = audio−>yn1 [ 0 ] [ c ] ;
break ;

55 }
case a u d i o s t a t e i d l e : {

j a c k d e f au l t aud i o s amp l e t xn = 0 ;
audio−>yn1 [ 0 ] [ c ] = xn − audio−>xn1 [ 0 ] [ c ] + audio−>r [ 0 ] [ c ] ∗ audio−>yn1⤦

Ç [ 0 ] [ c ] ;
audio−>xn1 [ 0 ] [ c ] = xn ;

60 out [ c ] [ i ] = 0 ;
break ;

}
case a u d i o s t a t e r o l l i n g : {

j a c k d e f au l t aud i o s amp l e t xn = audio−>bu f f e r [ r ] [ c ] [ audio−>index ] ;
65 audio−>yn1 [ 0 ] [ c ] = xn − audio−>xn1 [ 0 ] [ c ] + audio−>r [ 0 ] [ c ] ∗ audio−>yn1⤦

Ç [ 0 ] [ c ] ;
audio−>xn1 [ 0 ] [ c ] = xn ;
j a c k d e f au l t aud i o s amp l e t g = fmax (0 , 1 − 1 / (1 + ( audio−>sphase − ⤦

Ç 2) / 10) ) ;
out [ c ] [ i ] = g ∗ audio−>yn1 [ 0 ] [ c ] ;
break ;

70 }
}

}
/∗ increment /wrap read counter , and swap bu f f e r s ∗/
++audio−>index ;

75 whi le ( audio−>index >= audio−> s i z e ) {
audio−>index −= audio−> s i z e ;
i n t aud io read2 = ( r + 1) % AUDIO BUFFERS;
// don ’ t overtake wr i t e po in t e r
i f ( aud io read2 == aud io wr i t e ) {

80 audio read2 = ( audio read2 − 1 + AUDIO BUFFERS) % AUDIO BUFFERS;
}
aud io read = audio read2 ;

}
}

85 // update s t a t e
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audio−>sphase += nframes / ( double ) audio−>s r ;
switch ( audio−>s t a t e ) {

case aud i o s t a t e p r epa r e :
i f ( ! ( audio−>sphase < 2) ) {

90 audio−>s t a t e = aud i o s t a t e i n t r o ;
audio−>sphase = 0 ;

}
break ;

case a ud i o s t a t e i n t r o :
95 #i f 0

i f ( ! ( audio−>sphase < 5) ) {
audio−>s t a t e = a u d i o s t a t e r o l l i n g ;
audio−>sphase = 0 ;

}
100 #end i f

audio−>sphase = 0 ;
break ;

case aud i o s t a t e ou t r o :
i f ( ! ( audio−>sphase < 60) ) {

105 audio−>s t a t e = aud i o s t a t e i d l e ;
audio−>sphase = 0 ;

/∗
i f ( ! audio−>nrt ) {

j a c k t r an spo r t s t op ( audio−>c l i e n t ) ;
110 }

∗/
}
break ;

d e f au l t :
115 break ;

}
}

/∗ JACK audio p ro c e s s i ng ca l l ba ck ∗/
120 s t a t i c i n t aud i o p roc e s s ( j a ck n f r ames t nframes , void ∗ arg ) {

s t r u c t audio ∗ audio = arg ;
/∗ get JACK bu f f e r s ∗/
j a c k d e f au l t aud i o s amp l e t ∗out [ 2 ] ;
out [ 0 ] = ( j a c k d e f au l t aud i o s amp l e t ∗)

125 j a c k p o r t g e t b u f f e r ( audio−>port [ 0 ] , 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 ( audio−>port [ 1 ] , nframes ) ;
audio compute ( audio , out , nframes ) ;
r e turn 0 ;

130 }

s t a t i c void ∗ aud i o p r o c e s s o s s ( void ∗ arg ) {
s t r u c t audio ∗ audio = arg ;
const char ∗ dev i ce = ”/dev/dsp1 ” ;

135 i n t aud io fd ;
i f ( ( aud io fd = open ( device , OWRONLY, 0) ) == −1) {

per ro r ( dev i c e ) ;
r e turn 0 ;

}
140 // bu f f e r i n g

i n t bu f f e r i n g = (AUDIO BUFFERS << 16) | 8 ; // fragment s i z e 2ˆ8 = 256
i f ( i o c t l ( audio fd , SNDCTL DSP SETFRAGMENT, &bu f f e r i n g ) ) {
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per ro r (”SNDCTL DSP SETFRAGMENT”) ;
re turn 0 ;

145 }
// i n t 1 6 t
i n t format = AFMT S16 NE ;
i f ( i o c t l ( audio fd , SNDCTL DSP SETFMT, &format ) == −1) {

per ro r (”SNDCTL DSP SETFMT”) ;
150 re turn 0 ;

}
i f ( format != AFMT S16 LE) {

f p r i n t f ( s tde r r , ”BAD OSS FORMAT %d != %d\n” , format , AFMT S16 NE) ;
re turn 0 ;

155 }
// s t e r e o
i n t s t e r e o = 1 ;
i f ( i o c t l ( audio fd , SNDCTL DSP STEREO, &s t e r e o ) == −1) {

per ro r (”SNDCTL DSP STEREO”) ;
160 re turn 0 ;

}
i f ( s t e r e o != 1) {

f p r i n t f ( s tde r r , ”BAD OSS STEREO %d != 1\n” , s t e r e o ) ;
r e turn 0 ;

165 }
// sample ra t e
i n t speed = audio−>s r ;
i f ( i o c t l ( audio fd , SNDCTL DSP SPEED, &speed ) == −1) {

per ro r (”SNDCTL DSP SPEED”) ;
170 re turn 0 ;

}
i f ( speed != audio−>s r ) {

f p r i n t f ( s tde r r , ”BAD OSS SPEED %d != %d\n” , speed , ( i n t ) audio−>s r ) ;
r e turn 0 ;

175 }
// loop
j a c k d e f au l t aud i o s amp l e t ∗out [ 2 ] = { &audio−>o s s j a c k b u f f e r [ 0 ] [ 0 ] , &audio⤦

Ç −>o s s j a c k b u f f e r [ 1 ] [ 0 ] } ;
const i n t nframes = audio−> s i z e / 2 ;
whi l e ( audio−>running ) {

180 audio compute ( audio , out , nframes ) ;
f o r ( i n t i = 0 ; i < nframes ; ++i ) {

f o r ( i n t c = 0 ; c < 2 ; ++c ) {
audio−>o s s b u f f e r [ i ] [ c ] = 32767 ∗ fmin ( fmax ( audio−>o s s j a c k b u f f e r [ c ] [ i⤦

Ç ] , −1) , 1) ;
}

185 }
i f ( wr i t e ( audio fd , &audio−>o s s b u f f e r [ 0 ] [ 0 ] , nframes ∗ 2 ∗ s i z e o f ( i n t 1 6 t ) )⤦

Ç == −1) {
per ro r (” audio wr i t e ”) ;
// e x i t (1 ) ;

}
190 }

re turn 0 ;
}

void a ud i o s t a r t o s s ( s t r u c t audio ∗ audio ) {
195 pthr ead c r ea t e (&audio−>os s thread , 0 , aud i o p ro c e s s o s s , audio ) ;

}
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/∗ JACK sample ra t e c a l l ba ck ∗/
s t a t i c i n t aud i o s r a t e ( j a ck n f r ames t sr , void ∗ arg ) {

200 s t r u c t audio ∗ audio = arg ;
audio−>s r = s r ;
audio−> s i z e = 240 ; // FIXME hardcoded
f p r i n t f ( s tde r r , ”JACK sample ra t e : %d\n” , s r ) ;
r e turn 0 ;

205 }

/∗ JACK e r r o r c a l l ba ck ∗/
s t a t i c void aud i o e r r o r ( const char ∗desc ) {

f p r i n t f ( s tde r r , ”JACK e r r o r : %s \n” , desc ) ;
210 }

/∗ JACK shutdown ca l l ba ck ∗/
s t a t i c void audio shutdown ( void ∗ arg ) {

f p r i n t f ( s tde r r , ”JACK shutdown\n”) ;
215 }

/∗ JACK timebase ca l l ba ck ∗/
s t a t i c void audio t imebase ( j a c k t r a n s p o r t s t a t e t s ta te , j a ck n f r ames t nframes ,⤦

Ç j a c k p o s i t i o n t ∗pos , i n t new pos , void ∗ arg ) {
// s t r u c t audio ∗ audio = arg ;

220 i f ( new pos | | aud i o r e s e t ) {
pos−>va l i d = JackPositionBBT ;
pos−>bea t s p e r ba r = 4 ;
pos−>beat type = 0 . 2 5 ;
pos−>t i c k s p e r b e a t = 1920 ;

225 pos−>beat s per minute = 120 ;
aud i o r e s e t = 0 ;
pos−>bar = 1 ;
pos−>beat = 1 ;
pos−>t i c k = 0 ;

230 pos−>b a r s t a r t t i c k = ( pos−>bar − 1) ∗ pos−>bea t s p e r ba r ∗ pos−>⤦
Ç t i c k s p e r b e a t ;

} e l s e {
pos−>t i c k +=nframes ∗ pos−>t i c k s p e r b e a t ∗ pos−>beat s per minute / ( pos−>⤦

Ç f r ame rate ∗ 60) ;
whi l e ( pos−>t i c k >= pos−>t i c k s p e r b e a t ) {

pos−>t i c k −= pos−>t i c k s p e r b e a t ;
235 i f (++pos−>beat > pos−>bea t s p e r ba r ) {

pos−>beat = 1 ;
++pos−>bar ;
pos−>b a r s t a r t t i c k += pos−>bea t s p e r ba r ∗ pos−>t i c k s p e r b e a t ;

}
240 }

}
}

/∗ e x i t c a l l b a ck ∗/
245 void aud i o a t e x i t ( s t r u c t audio ∗ audio ) {

i f ( audio−>nrt ) {
f r e e ( audio−>n r t bu f f e r s [ 0 ] ) ;
f r e e ( audio−>n r t bu f f e r s [ 1 ] ) ;
f r e e ( audio−>n r t b u f f e r s i n t e r l e a v e d ) ;

250 s f c l o s e ( audio−>n r t f ) ;
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} e l s e {
audio−>running = 0 ;
i f ( 0 )

j a c k c l i e n t c l o s e ( audio−>c l i e n t ) ;
255 i f ( 1 )

p th r ead j o i n ( audio−>os s thread , 0) ;
}

}

260 //======================================================================
// . . .
s t r u c t audio ∗ a ud i o i n i t ( s t r u c t audio ∗audio , i n t nrt ) {

i f ( ! audio ) { re turn 0 ; }
i f ( ! s h a d e r i n i t (&audio−>shader , 0 , aud i o f r ag ) ) {

265 re turn 0 ;
}
shader uni form ( audio , t ex ture ) ;
shader uni form ( audio , coords ) ;
audio−>value . t ex ture = 0 ;

270 audio−>value . coords = 1 ;
// p i t ch
audio−>p i t ch = 1 ;
// scan po int
audio−>x = 0 ;

275 audio−>y = 0 ;
audio−>a = 0 ;
audio−>curve = 40 ;
audio−>speed = 128 ;
audio−>dcurve = 0 ;

280 audio−>dspeed = 0 ;
// time pass ing
audio−>samples = 0 ;

// p i x e l b u f f e r s
285 f o r ( i n t c = 0 ; c < AUDIO CHANNELS; ++c ) {

glGenBuffersARB (AUDIO COUNT, &audio−>pbos [ c ] [ 0 ] ) ;
f o r ( i n t i = 0 ; i < AUDIO COUNT; ++i ) {

glBindBufferARB (GL PIXEL PACK BUFFER ARB, audio−>pbos [ c ] [ i ] ) ;
glBufferDataARB (GL PIXEL PACK BUFFER ARB, aud i o t e x s i z e ∗ aud i o t e x s i z e ⤦

Ç ∗ s i z e o f ( GLfloat ) , 0 , GL STREAM READ ARB) ; // 1 channel
290 }

}
glBindBufferARB (GL PIXEL PACK BUFFER ARB, 0) ;

/∗ de f au l t sample ra t e ∗/
295 audio−>s r = 48000 ;

audio−> s i z e = 240 ; // FIXME hardcoded . . .
// audio−>value . s i z e = audio−> s i z e ;
glGenTextures (2 , &audio−>t ex tu r e s [ 0 ] ) ;
g lEnable (GL TEXTURE 2D) ;

300 // output
glBindTexture (GL TEXTURE 2D, audio−>t ex tu r e s [ 0 ] ) ;
glTexImage2D (

GL TEXTURE 2D, 0 , GL RGBA32F ARB, aud i o t e x s i z e , a ud i o t e x s i z e , 0 , GL RGBA⤦
Ç ,

GL FLOAT, 0
305 ) ;
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// glTexParameteri (GL TEXTURE 2D, GL TEXTURE MIN FILTER, GL LINEAR) ;
// glTexParameteri (GL TEXTURE 2D, GL TEXTURE MAG FILTER, GL LINEAR) ;

glTexParameteri (GL TEXTURE 2D, GL TEXTURE MIN FILTER, GL NEAREST) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTURE MAG FILTER, GL NEAREST) ;

310 // coo rd ina t e s
glBindTexture (GL TEXTURE 2D, audio−>t ex tu r e s [ 1 ] ) ;
glTexImage2D (

GL TEXTURE 2D, 0 , GL RGBA32F ARB, aud i o t e x s i z e , a ud i o t e x s i z e , 0 , GL RGBA⤦
Ç ,

GL FLOAT, 0 // audio−>coords
315 ) ;

g lTexParameteri (GL TEXTURE 2D, GL TEXTURE MIN FILTER, GL NEAREST) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTURE MAG FILTER, GL NEAREST) ;
g lD i s ab l e (GL TEXTURE 2D) ;
audio−>index = 0 ;

320 /∗ i n i t i a l i z e DC block ing f i l t e r s ∗/
f o r ( i n t c = 0 ; c < AUDIO CHANNELS; ++c ) {

f o r ( i n t d = 0 ; d < 2 ; ++d) {
audio−>r [ d ] [ c ] = 0 . 9 9 5 ;
audio−>xn1 [ d ] [ c ] = 0 ;

325 audio−>yn1 [ d ] [ c ] = 0 ;
}
// i n i t i a l i z e compressor / l im i t e r
audio−>gain [ c ] = 1 . 0 ;

}
330 audio−>nrt = nrt ;

audio−>frame = 0 ;
i f ( audio−>nrt ) {

// audio−> s i z e = audio−>s r / 25 ;
audio−>n r t bu f f e r s [ 0 ] = c a l l o c (1 , 8 ∗ audio−> s i z e ∗ s i z e o f (⤦

Ç j a c k d e f au l t aud i o s amp l e t ) ) ; // FIXME hardcoded
335 audio−>n r t bu f f e r s [ 1 ] = c a l l o c (1 , 8 ∗ audio−> s i z e ∗ s i z e o f (⤦

Ç j a c k d e f au l t aud i o s amp l e t ) ) ; // FIXME hardcoded
audio−>n r t b u f f e r s i n t e r l e a v e d = c a l l o c (1 , 2 ∗ 8 ∗ audio−> s i z e ∗ s i z e o f ( f l o a t⤦

Ç ) ) ; // FIXME hardcoded
SF INFO in f o = { 0 , audio−>sr , 2 , SF FORMATWAV | SF FORMAT FLOAT, 0 , 0 } ;
audio−>n r t f = s f open (” audio . wav” , SFM WRITE, &i n f o ) ;

} e l s e i f ( 1 ) {
340 audio−>s t a t e = a ud i o s t a t e i d l e ;

audio−>sphase = 0 ;
audio−>running = 1 ;
a ud i o s t a r t o s s ( audio ) ;

} e l s e {
345 /∗ s e t up JACK ∗/

audio−>s t a t e = a ud i o s t a t e i d l e ;
audio−>sphase = 0 ;
j a c k s e t e r r o r f u n c t i o n ( aud i o e r r o r ) ;
i f ( ! ( audio−>c l i e n t = j a c k c l i e n t o p e n (” rdex ” , JackNoStartServer | ⤦

Ç JackUseExactName , 0) ) ) {
350 f p r i n t f ( s tde r r , ”JACK se rv e r not running ?\n”) ;

} e l s e {
j a c k s e t p r o c e s s c a l l b a c k ( audio−>c l i e n t , aud io proce s s , audio ) ;
j a c k s e t s amp l e r a t e c a l l b a c k ( audio−>c l i e n t , aud io s ra t e , audio ) ;
jack on shutdown ( audio−>c l i e n t , audio shutdown , audio ) ;

355 /∗ c r e a t e por t s ∗/
audio−>port [ 0 ] = j a c k p o r t r e g i s t e r (

audio−>c l i e n t , ” output 1 ” , JACK DEFAULT AUDIO TYPE, JackPortIsOutput , 0
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) ;
audio−>port [ 1 ] = j a c k p o r t r e g i s t e r (

360 audio−>c l i e n t , ” output 2 ” , JACK DEFAULT AUDIO TYPE, JackPortIsOutput , 0
) ;
/∗ a c t i v a t e audio ∗/
i f ( j a c k a c t i v a t e ( audio−>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 \n”) ;
365 } e l s e {

#i f 1
/∗ must be ac t i va t ed be f o r e connect ing JACK port s ∗/
const char ∗∗ por t s ;
i f ( ( por t s = j a c k g e t p o r t s (

370 audio−>c l i e n t , NULL, NULL, JackPort I sPhys i ca l | JackPortIs Input
) ) ) {

/∗ connect up to two phy s i c a l playback por t s ∗/
i n t i = 0 ;
whi l e ( por t s [ i ] && i < 2) {

375 i f ( j a ck connec t (
audio−>c l i e n t , jack port name ( audio−>port [ i ] ) , por t s [ i ]

) ) {
f p r i n t f ( s tde r r , ” cannot connect JACK output port \n”) ;

}
380 i++;

}
f r e e ( por t s ) ;

}
#end i f

385 /∗ become timebase master ∗/
i f ( j a c k s e t t imeba s e c a l l b a c k ( audio−>c l i e n t , 0 , audio t imebase , audio ) )⤦

Ç {
f p r i n t f ( s tde r r , ” cannot become JACK master\n”) ;

}
}

390 }
}
re turn audio ;

}

395 //======================================================================
// . . .
void aud i o d i sp l ay1 ( s t r u c t audio ∗audio , GLuint fbo , GLuint texture , i n t i t e r ) {

{ // compute coo rd ina t e s
memset ( audio−>coords , 0 , 4 ∗ aud i o t e x s i z e ∗ aud i o t e x s i z e ∗ s i z e o f ( f l o a t )⤦

Ç ) ;
400 f l o a t x = audio−>x ;

f l o a t y = audio−>y ;
f l o a t a = audio−>a ;
f l o a t p i2 = 2 .0 ∗ 3 .1415926 ;
f l o a t ds = audio−>speed / 256 .0 / 2 56 . 0 ;

405 f o r ( i n t i = 0 ; i < audio−> s i z e ; ++i ) {
audio−>curve = audio−>p i t ch + 1 .0 ∗ rand ( ) / ( double ) RANDMAX;
f l o a t da = pi2 ∗ audio−>curve / audio−>s r ;
f l o a t dx = ds ∗ c o s f ( a ) ;
f l o a t dy = ds ∗ s i n f ( a ) ;

410 x += dx ;
y += dy ;
a += da ;
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audio−>coords [ 2 ∗ i + 0 ] = x ;
audio−>coords [ 2 ∗ i + 1 ] = y ;

415 }
audio−>x = x − f l o o r f ( x ) ;
audio−>y = y − f l o o r f ( y ) ;
audio−>a = a − f l o o r f ( a/ pi2 ) ∗ pi2 ;
audio−>samples += audio−> s i z e ;

420 }
// upload coo rd ina t e s
g lEnable (GL TEXTURE 2D) ;
g lAct iveTexture (GL TEXTURE1) ;
glBindTexture (GL TEXTURE 2D, audio−>t ex tu r e s [ 1 ] ) ;

425 glTexImage2D (GL TEXTURE 2D, 0 , GL RGBA32F ARB, aud i o t e x s i z e , a ud i o t e x s i z e ,⤦
Ç 0 , GL RG, GL FLOAT, audio−>coords ) ;

glTexParameteri (GL TEXTURE 2D, GL TEXTURE MIN FILTER, GL NEAREST) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTURE MAG FILTER, GL NEAREST) ;
// image
g lAct iveTexture (GL TEXTURE0) ;

430 glBindTexture (GL TEXTURE 2D, t ex ture ) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTURE MIN FILTER, GL LINEAR) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTURE MAG FILTER, GL LINEAR) ;

// glTexParameteri (GL TEXTURE 2D, GL TEXTURE MIN FILTER, GL NEAREST) ;
// glTexParameteri (GL TEXTURE 2D, GL TEXTURE MAG FILTER, GL NEAREST) ;

435 //glBindFramebufferEXT (GL FRAMEBUFFER EXT, fbo ) ;
// ex t r a c t
glUseProgramObjectARB ( audio−>shader . program ) ;
glMatrixMode (GL PROJECTION) ;
g lLoadIdent i ty ( ) ;

440 gluOrtho2D (0 , 1 , 0 , 1) ;
glMatrixMode (GLMODELVIEW) ;
g lLoadIdent i ty ( ) ;
g lViewport (0 , 0 , a ud i o t e x s i z e , a u d i o t e x s i z e ) ;
glFramebufferTexture2DEXT (GL FRAMEBUFFER EXT, GL COLORATTACHMENT0 EXT, ⤦

Ç GL TEXTURE 2D, audio−>t ex tu r e s [ 0 ] , 0) ;
445 shader update i ( audio , t ex ture ) ;

shader update i ( audio , coords ) ;
g lBeg in (GL QUADS) ; { g lCo l o r 4 f ( 1 , 1 , 1 , 1 ) ;

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

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

} glEnd ( ) ;
g lAct iveTexture (GL TEXTURE1) ; glBindTexture (GL TEXTURE 2D, 0) ;
g lAct iveTexture (GL TEXTURE0) ; glBindTexture (GL TEXTURE 2D, 0) ;

455 glUseProgramObjectARB (0) ;
//glBindFramebufferEXT (GL FRAMEBUFFER EXT, 0) ;
// copy tex ture to PBO
glBindTexture (GL TEXTURE 2D, audio−>t ex tu r e s [ 0 ] ) ;
glBindBufferARB (GL PIXEL PACK BUFFER ARB, audio−>pbos [ 0 ] [ i t e r ] ) ;

460 glGetTexImage (GL TEXTURE 2D, 0 , GL RED, GL FLOAT, 0) ; // async
glBindBufferARB (GL PIXEL PACK BUFFER ARB, audio−>pbos [ 1 ] [ i t e r ] ) ;
glGetTexImage (GL TEXTURE 2D, 0 , GL GREEN, GL FLOAT, 0) ; // async
glBindBufferARB (GL PIXEL PACK BUFFER ARB, 0) ;
glBindTexture (GL TEXTURE 2D, 0) ;

465 }

void aud i o d i sp l ay2 ( s t r u c t audio ∗ audio ) {
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// copy p i x e l b u f f e r s
f o r ( i n t i = 0 ; i < AUDIO COUNT; ++i ) { // FIXME hardcoded

470 i n t w = aud io wr i t e ;
f o r ( i n t c = 0 ; c < AUDIO CHANNELS; ++c ) {

glBindBufferARB (GL PIXEL PACK BUFFER ARB, audio−>pbos [ c ] [ i ] ) ;
f l o a t ∗p = glMapBufferARB(GL PIXEL PACK BUFFER ARB, GL READ ONLY ARB) ;
i f (p ) {

475 memcpy(&audio−>bu f f e r [w ] [ c ] [ 0 ] , p , audio−> s i z e ∗ s i z e o f ( f l o a t ) ) ;
i f ( ! glUnmapBufferARB(GL PIXEL PACK BUFFER ARB) ) {

f p r i n t f ( s tde r r , ”unmap bu f f e r e r r o r \n”) ;
}

} e l s e {
480 memset(&audio−>bu f f e r [w ] [ c ] [ 0 ] , 0 , audio−> s i z e ∗ s i z e o f ( f l o a t ) ) ;

}
}
// don ’ t overtake read po in t e r
i n t aud io wr i t e2 = (w + 1) % AUDIO BUFFERS;

485 i f ( aud io wr i t e2 == audio read ) {
aud io wr i t e2 = ( aud io wr i t e2 − 1 + AUDIO BUFFERS) % AUDIO BUFFERS;

}
aud io wr i t e = aud io wr i t e2 ;

}
490 glBindBufferARB (GL PIXEL PACK BUFFER ARB, 0) ;

// non− r e a l t ime fun
#i f 1

i f ( audio−>nrt ) {
i n t r a t e = 1 ;

495 i n t fp s = 25 ;
i n t frame = audio−>frame ;
i n t per iod = 60 ∗ 60 ∗ f p s ∗ r a t e ; // 60 minutes
i n t i n t e r v a l = 5 ∗ 60 ∗ f p s ∗ r a t e ; // 5 minutes
i f ( ( frame % rate ) == 0 && ( frame % per iod ) < i n t e r v a l ) {

500 audio compute ( audio , audio−>n r tbu f f e r s , 8 ∗ audio−> s i z e ) ; // FIXME ⤦
Ç hardcoded

f o r ( i n t i = 0 ; i < 8 ∗ audio−> s i z e ; ++i ) { // FIXME hardcoded
f o r ( i n t c = 0 ; c < 2 ; ++c ) {

audio−>n r t b u f f e r s i n t e r l e a v e d [ i ∗2+c ] = audio−>n r t bu f f e r s [ c ] [ i ] ;
}

505 }
s f w r i t e f l o a t ( audio−>nrt f , &audio−>n r t b u f f e r s i n t e r l e a v e d [ 0 ] , 2 ∗ 8 ∗ ⤦

Ç audio−> s i z e ) ; // FIXME hardcoded
} e l s e i f ( frame % per iod == i n t e r v a l ) {

s f w r i t e s y n c ( audio−>n r t f ) ;
}

510 }
#end i f

audio−>frame++;
}

515 void aud i o s t a r t ( s t r u c t audio ∗ audio ) {
switch ( audio−>s t a t e ) {

case a u d i o s t a t e i d l e :
audio−>s t a t e = aud i o s t a t e i n t r o ;
audio−>sphase = 0 ;

520 i f ( 0 )
j a c k t r a n s p o r t s t a r t ( audio−>c l i e n t ) ;

break ;
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de f au l t :
break ;

525 }
}

void aud io s top ( s t r u c t audio ∗ audio ) {
switch ( audio−>s t a t e ) {

530 case a u d i o s t a t e r o l l i n g :
audio−>s t a t e = aud i o s t a t e ou t r o ;
audio−>sphase = 0 ;
break ;

d e f au l t :
535 break ;

}
}

// EOF

14 src/audio.frag

/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2010 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 Extract from input t ex ture us ing a coord inate t ex ture
===================================================================== ∗/

uniform sampler2D texture ;
uniform sampler2D coords ;

10

/∗
uniform vec2 t e x s i z e ;
uniform vec2 cente r ;
uniform f l o a t rad iu s ;

15 uniform f l o a t s i z e ;
∗/

void main ( void ) {
g l FragCo lor = texture2D ( texture , texture2D ( coords , gl TexCoord [ 0 ] . s t ) . rg ) ;

20 /∗
vec2 p = gl TexCoord [ 0 ] . s t ;
f l o a t k = t e x s i z e . x ∗ t e x s i z e . y / s i z e ;
f l o a t da = 2 .0 ∗ 3.1415926 / s i z e ;
f l o a t a = (p . y + p . x / t e x s i z e . x ) ∗ 2 .0 ∗ 3.1415926 ∗ k ;

25 vec4 c = vec4 ( 0 . 0 , 0 . 0 , 0 . 0 , 0 . 0 ) ;
vec2 q ;
q = cente r + rad iu s ∗ vec2 ( cos ( a ) , s i n ( a ) ) ;
c += texture2D ( texture , q ) ;
a += da ;

30 q = cente r + rad iu s ∗ vec2 ( cos ( a ) , s i n ( a ) ) ;
c += texture2D ( texture , q ) ;
g l FragCo lor = c ∗ 0 . 5 ;

∗/
}

15 src/audio.h
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/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2010 ,2019 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 Audio output
===================================================================== ∗/

#i f n d e f AUDIO H
#de f i n e AUDIO H 1

10

#inc lude <s t d i o . h>
#inc lude <pthread . h>
#inc lude <j ack / jack . h>
#inc lude <s n d f i l e . h>

15 #inc lude ” shader . h”

//======================================================================
// audio s t a t e

20 #de f i n e AUDIO BUFFERS 64
#de f i n e AUDIO CHANNELS 2
#de f i n e a ud i o t e x s i z e 16
#de f i n e AUDIO BUFSIZE ( a ud i o t e x s i z e ∗ aud i o t e x s i z e )
#de f i n e AUDIO COUNT 8

25

// synchron i s e between JACK dsp ca l l b a ck and GLUT timer ca l l ba ck
// JACK i s the master c l o ck
extern v o l a t i l e char aud io read ;
extern v o l a t i l e char aud io wr i t e ;

30

s t r u c t audio { s t r u c t shader shader ;
s t r u c t { GLint texture , coords ; /∗ t e x s i z e , center , radius , s i z e ;∗/ } uniform ;
s t r u c t { GLint texture , coords ; /∗GLfloat t e x s i z e [ 2 ] , c en t e r [ 2 ] , radius , s i z e⤦

Ç ;∗/ } value ;
GLuint t ex tu r e s [ 2 ] ;

35 f l o a t coords [ 4 ∗ aud i o t e x s i z e ∗ aud i o t e x s i z e ] ;
double p i t ch ; // f requency in Hz
double x , y , a ; // scan po int
double curve , speed , dcurve , dspeed ; // scan movement
double samples ; // t o t a l samples scanned

40 GLuint pbos [AUDIO CHANNELS ] [AUDIO COUNT] ; // p i x e l b u f f e r s f o r read ing back ⤦
Ç from GPU (FIXME hardcoded count )

/∗ non− r e a l t ime mode ∗/
i n t nrt ;
i n t frame ;

45 j a c k d e f au l t aud i o s amp l e t ∗ n r t bu f f e r s [ 2 ] ;
f l o a t ∗ n r t b u f f e r s i n t e r l e a v e d ;
SNDFILE ∗ n r t f ;
/∗ OSS handles ∗/
i n t running ;

50 pthread t o s s th r ead ;
i n t o s s f d ;
i n t 1 6 t o s s b u f f e r [AUDIO BUFSIZE ] [AUDIO CHANNELS ] ;
j a c k d e f au l t aud i o s amp l e t o s s j a c k b u f f e r [AUDIO CHANNELS ] [ AUDIO BUFSIZE ] ;
/∗ JACK handles ∗/

55 j a c k c l i e n t t ∗ c l i e n t ;
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j a c k p o r t t ∗port [ 2 ] ;
enum {

aud i o s t a t e i d l e ,
aud i o s t a t e p r epa r e ,

60 aud i o s t a t e i n t r o ,
a u d i o s t a t e r o l l i n g ,
aud i o s t a t e ou t r o

} s t a t e ;
double sphase ;

65 /∗ audio bu f f e r s ∗/
unsigned i n t index ;
j a c k d e f au l t aud i o s amp l e t bu f f e r [AUDIO BUFFERS ] [AUDIO CHANNELS ] [⤦

Ç AUDIO BUFSIZE ] ;
i n t s i z e ;
i n t s r ;

70 /∗ DC blocke r f i l t e r s ∗/
j a c k d e f au l t aud i o s amp l e t r [ 2 ] [AUDIO CHANNELS] , xn1 [ 2 ] [AUDIO CHANNELS] , yn1⤦

Ç [ 2 ] [AUDIO CHANNELS] , ga in [AUDIO CHANNELS ] ;
/∗ i n t r o ∗/
double iphase [AUDIO CHANNELS ] ;
j a ck n f r ames t sample [AUDIO CHANNELS ] ;

75 } ;

//======================================================================
// prototypes
s t r u c t audio ∗ a ud i o i n i t ( s t r u c t audio ∗audio , i n t nrt ) ;

80 void aud i o a t e x i t ( s t r u c t audio ∗ audio ) ;
void aud i o d i sp l ay1 ( s t r u c t audio ∗audio , GLuint fbo , GLuint texture , i n t i t e r ) ;
void aud i o d i sp l ay2 ( s t r u c t audio ∗ audio ) ;
void aud i o s t a r t ( s t r u c t audio ∗ audio ) ;
void aud io s top ( s t r u c t audio ∗ audio ) ;

85

#end i f
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/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2008 ,2009 ,2010 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 Background pro c e s s i ng
===================================================================== ∗/

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

10 #inc lude <cu r l / cu r l . h>
#inc lude ”background . h”
#inc lude ”histogram . h”
#inc lude ” image . h”
#inc lude ” rdex . h”

15 #inc lude ”segment . h”
#inc lude ”tamura . h”

//======================================================================
// upload

20 #de f i n e UPLOADDATA STRLEN 32
#de f i n e UPLOADDATAPPMLEN (1024 + rd e x t e x s i z e ∗ r d e x t e x s i z e ∗ 3)
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s t r u c t background upload {
char ru [UPLOADDATA STRLEN] ;
char rv [UPLOADDATA STRLEN] ;

25 char f [UPLOADDATA STRLEN] ;
char k [UPLOADDATA STRLEN] ;
char behaviour [UPLOADDATA STRLEN] ;
char coa r s ene s s u [UPLOADDATA STRLEN] ;
char con t ra s t u [UPLOADDATA STRLEN] ;

30 char d i r e c t i o n a l i t y u [UPLOADDATA STRLEN] ;
char c oa r s en e s s v [UPLOADDATA STRLEN] ;
char con t r a s t v [UPLOADDATA STRLEN] ;
char d i r e c t i o n a l i t y v [UPLOADDATA STRLEN] ;
char histogram [HISTOGRAMBUCKETS] [HISTOGRAMBUCKETS] [HISTOGRAMBUCKETS] [⤦

Ç UPLOADDATA STRLEN] ;
35 char segment [SEGMENTBUCKETS] [UPLOADDATA STRLEN] ;

char ppm [UPLOADDATAPPMLEN] ;
i n t ppm bytes ;

} ;

40 //======================================================================
// background pro c e s s i ng data
s t r u c t background data {

f l o a t ru ; f l o a t rv ; f l o a t f ; f l o a t k ; f l o a t s co r e ; const char ∗behaviour ;
// char ∗thumb ppm ; i n t thumb ppm bytes ; // must be f r e ed by background thread

45 char ∗ fu l l ppm ; i n t fu l l ppm byte s ; // must be f r e ed by background thread
s t r u c t image ∗ raw image ; // must be f r e ed by background thread
s t r u c t image ∗ f u l l imag e ; // must be f r e ed by background thread

} ;

50 //======================================================================
// prototypes
void background background ( s t r u c t background ∗ , s i z e t , s t r u c t background data ⤦

Ç ∗) ;

//======================================================================
55 // i n i t i a l i s e uploader

s t r u c t background ∗ background in i t ( s t r u c t background ∗background , const char ∗⤦
Ç s e s s i o n ) {

CURLcode c = c u r l g l o b a l i n i t (CURL GLOBAL ALL) ;
i f ( c ) { re turn 0 ; }
background−>s e s s i o n = s e s s i o n ;

60 background−>u r l = getenv (”RDEXUPLOAD”) ;
background−>queue = p f i f o c r e a t e ( ( p f i f o consumer ∗) background background , ⤦

Ç background ) ;
tamura in i t (&background−>tamura , r d e x t e x s i z e , r d e x t e x s i z e ) ; //FIXME
return background ;

}
65

//======================================================================
// c l ean up uploader
void background atex i t ( s t r u c t background ∗background ) {

c u r l g l o b a l c l e a nup ( ) ;
70 }

//======================================================================
// prepare background pro c e s s i ng
void background enqueue (
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75 s t r u c t background ∗background ,
f l o a t ru , f l o a t rv , f l o a t f , f l o a t k , f l o a t score , const char ∗behaviour ,

// char ∗thumb ppm , i n t thumb ppm bytes , // must be f r e ed by background thread
char ∗ fu l l ppm , i n t fu l l ppm bytes , // must be f r e ed by background thread
s t r u c t image ∗ raw image , // must be f r e ed by background thread

80 s t r u c t image ∗ f u l l imag e // must be f r e ed by background thread
) {

s t r u c t background data data ;
data . ru = ru ;
data . rv = rv ;

85 data . f = f ;
data . k = k ;
data . s c o r e = sco r e ;
data . behaviour = behaviour ;

// data . thumb ppm = thumb ppm ;
90 // data . thumb ppm bytes = thumb ppm bytes ;

data . fu l l ppm = ful l ppm ;
data . fu l l ppm byte s = fu l l ppm byte s ;
data . raw image = raw image ;
data . f u l l imag e = fu l l imag e ;

95 p f i f o enqueue ( background−>queue , s i z e o f ( s t r u c t background data ) , &data ) ;
}

//======================================================================
// do background pro c e s s i ng

100 void background background (
s t r u c t background ∗background ,
s i z e t s i z e ,
s t r u c t background data ∗data

) {
105 { // save image

char f i l ename [ 1 0 2 4 ] ;
s n p r i n t f (

f i l ename , 1000 ,
”%s / ru %f r v %f f %f k %f s %f .ppm” , // FIXME ensure same stem

110 background−>s e s s i on , data−>ru , data−>rv , data−>f , data−>k , data−>s c o r e
) ;
FILE ∗ im g f i l e = fopen ( f i l ename , ”wb”) ;
i f ( img f i l e ) {

fw r i t e ( data−>fu l l ppm , data−>fu l l ppm bytes , 1 , img f i l e ) ;
115 f c l o s e ( img f i l e ) ;

}
} // save thumbnail

i f ( background−>u r l ) { // upload
120 // image ana l y s i s

s t r u c t tamura f eature s f e a tu r e [ 2 ] ;
s t r u c t histogram histogram ;
s t r u c t segment segment ;
tamura ca l cu l a t e (&background−>tamura , &f e a tu r e [ 0 ] , data−>raw image ) ;

125 h i s t og ram ca l c (&histogram , data−> f u l l imag e ) ;
s egment ca l c (&segment , data−> f u l l imag e ) ;
s t r u c t background upload up ;
s np r i n t f (up . ru , UPLOAD DATA STRLEN, ”%f ” , data−>ru ) ;
s np r i n t f (up . rv , UPLOAD DATA STRLEN, ”%f ” , data−>rv ) ;

130 s np r i n t f (up . f , UPLOAD DATA STRLEN, ”%f ” , data−> f ) ;
s n p r i n t f (up . k , UPLOAD DATA STRLEN, ”%f ” , data−>k ) ;
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s np r i n t f (up . behaviour , UPLOAD DATA STRLEN, ”%s ” , data−>behaviour ) ;
s np r i n t f (up . coar s ene s s u , UPLOAD DATA STRLEN, ”%f ” , f e a t u r e [ 0 ] .⤦

Ç coa r s ene s s ) ;
s n p r i n t f (up . cont ras t u , UPLOAD DATA STRLEN, ”%f ” , f e a t u r e [ 0 ] . c on t ra s t )⤦

Ç ;
135 s np r i n t f (up . d i r e c t i o n a l i t y u , UPLOAD DATA STRLEN, ”%f ” , f e a t u r e [ 0 ] .⤦

Ç d i r e c t i o n a l i t y ) ;
s np r i n t f (up . coa r s ene s s v , UPLOAD DATA STRLEN, ”%f ” , f e a t u r e [ 1 ] .⤦

Ç coa r s ene s s ) ;
s n p r i n t f (up . cont ra s t v , UPLOAD DATA STRLEN, ”%f ” , f e a t u r e [ 1 ] . c on t ra s t )⤦

Ç ;
s n p r i n t f (up . d i r e c t i o n a l i t y v , UPLOAD DATA STRLEN, ”%f ” , f e a t u r e [ 1 ] .⤦

Ç d i r e c t i o n a l i t y ) ;
f o r ( i n t r = 0 ; r < HISTOGRAMBUCKETS; ++r ) {

140 f o r ( i n t g = 0 ; g < HISTOGRAMBUCKETS; ++g ) {
f o r ( i n t b = 0 ; b < HISTOGRAMBUCKETS; ++b) {

s np r i n t f (up . histogram [ r ] [ g ] [ b ] , UPLOAD DATA STRLEN, ”%f ” , histogram . bucket⤦
Ç [ r ] [ g ] [ b ] ) ;

}
}

145 }
f o r ( i n t s = 0 ; s < SEGMENTBUCKETS; ++s ) {

s np r i n t f (up . segment [ s ] , UPLOAD DATA STRLEN, ”%f ” , segment . bucket [ s ] ) ;
}
s t r u c t cu r l h t t ppo s t ∗ formpost = NULL;

150 s t r u c t cu r l h t t ppo s t ∗ l a s t p t r = NULL;
#de f i n e FORM( s ) cur l formadd(&formpost , &l a s t p t r , CURLFORMCOPYNAME, #s , ⤦

Ç CURLFORMCOPYCONTENTS, up . s , CURLFORMEND)
FORM( ru ) ;
FORM( rv ) ;
FORM( f ) ;

155 FORM(k) ;
FORM( behaviour ) ;
FORM( coa r s ene s s u ) ;
FORM( cont ra s t u ) ;
FORM( d i r e c t i o n a l i t y u ) ;

160 FORM( coa r s en e s s v ) ;
FORM( con t r a s t v ) ;
FORM( d i r e c t i o n a l i t y v ) ;

#undef FORM
fo r ( i n t r = 0 ; r < HISTOGRAMBUCKETS; ++r ) {

165 f o r ( i n t g = 0 ; g < HISTOGRAMBUCKETS; ++g ) {
f o r ( i n t b = 0 ; b < HISTOGRAMBUCKETS; ++b) {

char h i s t [UPLOADDATA STRLEN] ;
s np r i n t f ( h i s t , UPLOAD DATA STRLEN, ” h i s t %d %d %d” , r , g , b ) ;
cur l formadd (

170 &formpost , &l a s t p t r ,
CURLFORMCOPYNAME, h i s t ,
CURLFORMCOPYCONTENTS, up . histogram [ r ] [ g ] [ b ] ,
CURLFORMEND

) ;
175 }

}
}
f o r ( i n t s = 0 ; s < SEGMENTBUCKETS; ++s ) {

char seg [UPLOADDATA STRLEN] ;
180 s np r i n t f ( seg , UPLOAD DATA STRLEN, ” s eg %d” , s ) ;

41



rdex-client src/background.h

cur l formadd (
&formpost , &l a s t p t r ,
CURLFORMCOPYNAME, seg ,
CURLFORMCOPYCONTENTS, up . segment [ s ] ,

185 CURLFORMEND
) ;

}
cur l formadd (

&formpost , &l a s t p t r ,
190 CURLFORMCOPYNAME, ” image ” ,

CURLFORMBUFFER, ” rdex .ppm” ,
CURLFORMBUFFERPTR, data−>fu l l ppm ,
CURLFORMBUFFERLENGTH, data−>fu l l ppm bytes ,
CURLFORMEND

195 ) ;
cur l formadd (

&formpost , &l a s t p t r ,
CURLFORMCOPYNAME, ”submit ” ,
CURLFORMCOPYCONTENTS, ” submit ” ,

200 CURLFORMEND
) ;
CURL ∗ cu r l = c u r l e a s y i n i t ( ) ;
i f ( c u r l ) {

c u r l e a s y s e t o p t ( cur l , CURLOPT URL, background−>u r l ) ;
205 c u r l e a s y s e t o p t ( cur l , CURLOPTHTTPPOST, formpost ) ;

c u r l e a s y s e t o p t ( cur l , CURLOPTWRITEDATA, s t d e r r ) ;
cu r l e a sy pe r f o rm ( cu r l ) ;
c u r l e a s y c l e anup ( cu r l ) ;
c u r l f o rm f r e e ( formpost ) ;

210 }
} // upload

{ // cleanup
// f r e e ( data−>thumb ppm) ;

215 f r e e ( data−>fu l l ppm ) ;
image f r e e ( data−>raw image ) ;
image f r e e ( data−> f u l l imag e ) ;

} // cleanup

220 }

// EOF
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/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2008 ,2009 ,2010 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 Background pro c e s s i ng
===================================================================== ∗/

#i f n d e f BACKGROUNDH
#de f i n e BACKGROUNDH 1

10

#inc lude ” image . h”
#inc lude ”histogram . h”
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#inc lude ”segment . h”
#inc lude ”tamura . h”

15 #inc lude ” p f i f o . h”

//======================================================================
// background s t a t e
s t r u c t background {

20 const char ∗ s e s s i o n ;
char ∗ u r l ;
s t r u c t tamura tamura ;
s t r u c t p f i f o ∗queue ;

} ;
25

//======================================================================
// prototypes
s t r u c t background ∗ background in i t ( s t r u c t background ∗background , const char ∗⤦

Ç s e s s i o n ) ;
void background atex i t ( s t r u c t background ∗background ) ;

30 void background enqueue (
s t r u c t background ∗background ,
f l o a t ru , f l o a t rv , f l o a t f , f l o a t k , f l o a t score , const char ∗behaviour ,

// char ∗thumb ppm , i n t thumb ppm bytes , // must be f r e ed by background thread
char ∗ fu l l ppm , i n t fu l l ppm bytes , // must be f r e ed by background thread

35 s t r u c t image ∗ raw image , // must be f r e ed by background thread
s t r u c t image ∗ f u l l imag e // must be f r e ed by background thread

) ;

#end i f
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/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2010 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 Bloom/Glow E f f e c t
===================================================================== ∗/

#inc lude ” u t i l . h”
#inc lude ”bloom . h”

10 #inc lude ”bloom . f r ag . c”

//======================================================================
// i n i t i a l i z a t i o n
s t r u c t bloom ∗ b loom in i t ( s t r u c t bloom ∗bloom ) {

15 i f ( ! bloom ) { re turn 0 ; }
i f ( ! g b l u r i n i t (&bloom−>gblur ) ) { re turn 0 ; }
i f ( ! s h a d e r i n i t (&bloom−>shader , 0 , b loom frag ) ) { re turn 0 ; }
shader uni form (bloom , tex0 ) ;
shader uni form (bloom , tex1 ) ;

20 shader uni form (bloom , tex2 ) ;
shader uni form (bloom , tex3 ) ;
shader uni form (bloom , tex4 ) ;
shader uni form (bloom , tex5 ) ;
shader uni form (bloom , tex6 ) ;

25 shader uni form (bloom , tex7 ) ;
bloom−>value . tex0 = 0 ;
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bloom−>value . tex1 = 1 ;
bloom−>value . tex2 = 2 ;
bloom−>value . tex3 = 3 ;

30 bloom−>value . tex4 = 4 ;
bloom−>value . tex5 = 5 ;
bloom−>value . tex6 = 6 ;
bloom−>value . tex7 = 7 ;
re turn bloom ;

35 }

//======================================================================
// reshape ca l l ba ck
void bloom reshape ( s t r u c t bloom ∗bloom , i n t w, i n t h) {

40 gb lu r r e shape (&bloom−>gblur , w, h) ;
}

//======================================================================
// d i sp l ay ca l l ba ck

45 void b loom disp lay ( s t r u c t bloom ∗bloom , GLuint fbo , GLuint t ex ture ) {
// generate b lur r ed cop i e s
gb l u r d i s p l a y (&bloom−>gblur , fbo , t ex ture ) ;
// combine them ( back in to the input t ex ture )
g lEnable (GL TEXTURE 2D) ;

50 //glBindFramebufferEXT (GL FRAMEBUFFER EXT, fbo ) ;
g lViewport (0 , 0 , 1<<bloom−>gblur . count , 1<<bloom−>gblur . count ) ;
glMatrixMode (GL PROJECTION) ;
g lLoadIdent i ty ( ) ;
gluOrtho2D (0 , 1 , 0 , 1) ;

55 glMatrixMode (GLMODELVIEW) ;
g lLoadIdent i ty ( ) ;
glFramebufferTexture2DEXT (GL FRAMEBUFFER EXT, GL COLORATTACHMENT0 EXT, ⤦

Ç GL TEXTURE 2D, texture , 0) ;
g lAct iveTexture (GL TEXTURE7) ; glBindTexture (GL TEXTURE 2D, bloom−>gblur .⤦

Ç t ex tu r e s [ 0 ] [ bloom−>gblur . count − 7 ] ) ;
g lAct iveTexture (GL TEXTURE6) ; glBindTexture (GL TEXTURE 2D, bloom−>gblur .⤦

Ç t ex tu r e s [ 0 ] [ bloom−>gblur . count − 6 ] ) ;
60 g lAct iveTexture (GL TEXTURE5) ; glBindTexture (GL TEXTURE 2D, bloom−>gblur .⤦

Ç t ex tu r e s [ 0 ] [ bloom−>gblur . count − 5 ] ) ;
g lAct iveTexture (GL TEXTURE4) ; glBindTexture (GL TEXTURE 2D, bloom−>gblur .⤦

Ç t ex tu r e s [ 0 ] [ bloom−>gblur . count − 4 ] ) ;
g lAct iveTexture (GL TEXTURE3) ; glBindTexture (GL TEXTURE 2D, bloom−>gblur .⤦

Ç t ex tu r e s [ 0 ] [ bloom−>gblur . count − 3 ] ) ;
g lAct iveTexture (GL TEXTURE2) ; glBindTexture (GL TEXTURE 2D, bloom−>gblur .⤦

Ç t ex tu r e s [ 0 ] [ bloom−>gblur . count − 2 ] ) ;
g lAct iveTexture (GL TEXTURE1) ; glBindTexture (GL TEXTURE 2D, bloom−>gblur .⤦

Ç t ex tu r e s [ 0 ] [ bloom−>gblur . count − 1 ] ) ;
65 g lAct iveTexture (GL TEXTURE0) ; glBindTexture (GL TEXTURE 2D, bloom−>gblur .⤦

Ç t ex tu r e s [ 0 ] [ bloom−>gblur . count − 0 ] ) ;
glUseProgramObjectARB (bloom−>shader . program ) ;
shader update i ( bloom , tex0 ) ;
shader update i ( bloom , tex1 ) ;
shader update i ( bloom , tex2 ) ;

70 shader update i ( bloom , tex3 ) ;
shader update i ( bloom , tex4 ) ;
shader update i ( bloom , tex5 ) ;
shader update i ( bloom , tex6 ) ;
shader update i ( bloom , tex7 ) ;
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75 g lBeg in (GL QUADS) ; { g lCo l o r 4 f ( 1 , 1 , 1 , 1 ) ;
glTexCoord2f (0 , 0) ; g lVe r t ex2 f (0 , 0) ;
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) ;

80 } glEnd ( ) ;
// c l ean up
glUseProgramObjectARB (0) ;
//glBindFramebufferEXT (GL FRAMEBUFFER EXT, 0) ;
g lAct iveTexture (GL TEXTURE7) ; glBindTexture (GL TEXTURE 2D, 0) ;

85 g lAct iveTexture (GL TEXTURE6) ; glBindTexture (GL TEXTURE 2D, 0) ;
g lAct iveTexture (GL TEXTURE5) ; glBindTexture (GL TEXTURE 2D, 0) ;
g lAct iveTexture (GL TEXTURE4) ; glBindTexture (GL TEXTURE 2D, 0) ;
g lAct iveTexture (GL TEXTURE3) ; glBindTexture (GL TEXTURE 2D, 0) ;
g lAct iveTexture (GL TEXTURE2) ; glBindTexture (GL TEXTURE 2D, 0) ;

90 g lAct iveTexture (GL TEXTURE1) ; glBindTexture (GL TEXTURE 2D, 0) ;
g lAct iveTexture (GL TEXTURE0) ; glBindTexture (GL TEXTURE 2D, 0) ;
g lD i s ab l e (GL TEXTURE 2D) ;

}

95 // EOF
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/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2010 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 Bloom/Glow e f f e c t
===================================================================== ∗/

uniform sampler2D tex0 ;
uniform sampler2D tex1 ;

10 uniform sampler2D tex2 ;
uniform sampler2D tex3 ;
uniform sampler2D tex4 ;
uniform sampler2D tex5 ;
uniform sampler2D tex6 ;

15 uniform sampler2D tex7 ;

void main ( void ) {
// f l o a t s i z e ;
// vec2 p0 , p1 , dp ;

20 vec2 p = gl TexCoord [ 0 ] . s t ;
// vec4 o , o0 ;

/∗ // waaaaaaay too big f o r most hardware : (
s i z e = 1024 . 0 ; // FIXME hardcoded
p0 = f l o o r (p ∗ s i z e ) / s i z e ;

25 p1 = p0 + vec2 ( 1 . 0 , 1 . 0 ) / s i z e ;
dp = (p1 − p0 ) ∗ s i z e ;
o0 = mix (mix ( texture2D ( tex0 , p0 ) , texture2D ( tex0 , vec2 ( p1 . x , p0 . y ) ) , dp . x ) ,

mix ( texture2D ( tex0 , vec2 ( p0 . x , p1 . y ) ) , texture2D ( tex0 , p1 ) , dp . x ) , dp⤦
Ç . y ) ;

o = o0 ∗ 9 . 0 ;
30

s i z e ∗= 0 . 5 ;
p0 = f l o o r (p ∗ s i z e ) / s i z e ;
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p1 = p0 + vec2 ( 1 . 0 , 1 . 0 ) / s i z e ;
dp = (p1 − p0 ) ∗ s i z e ;

35 o += mix (mix ( texture2D ( tex1 , p0 ) , texture2D ( tex1 , vec2 ( p1 . x , p0 . y ) ) , dp . x ) ,
mix ( texture2D ( tex1 , vec2 ( p0 . x , p1 . y ) ) , texture2D ( tex1 , p1 ) , dp . x ) , dp⤦

Ç . y ) ;

s i z e ∗= 0 . 5 ;
p0 = f l o o r (p ∗ s i z e ) / s i z e ;

40 p1 = p0 + vec2 ( 1 . 0 , 1 . 0 ) / s i z e ;
dp = (p1 − p0 ) ∗ s i z e ;
o += mix (mix ( texture2D ( tex2 , p0 ) , texture2D ( tex2 , vec2 ( p1 . x , p0 . y ) ) , dp . x ) ,

mix ( texture2D ( tex2 , vec2 ( p0 . x , p1 . y ) ) , texture2D ( tex2 , p1 ) , dp . x ) , dp⤦
Ç . y ) ;

45 s i z e ∗= 0 . 5 ;
p0 = f l o o r (p ∗ s i z e ) / s i z e ;
p1 = p0 + vec2 ( 1 . 0 , 1 . 0 ) / s i z e ;
dp = (p1 − p0 ) ∗ s i z e ;
o += mix (mix ( texture2D ( tex3 , p0 ) , texture2D ( tex3 , vec2 ( p1 . x , p0 . y ) ) , dp . x ) ,

50 mix ( texture2D ( tex3 , vec2 ( p0 . x , p1 . y ) ) , texture2D ( tex3 , p1 ) , dp . x ) , dp⤦
Ç . y ) ;

s i z e ∗= 0 . 5 ;
p0 = f l o o r (p ∗ s i z e ) / s i z e ;
p1 = p0 + vec2 ( 1 . 0 , 1 . 0 ) / s i z e ;

55 dp = (p1 − p0 ) ∗ s i z e ;
o += mix (mix ( texture2D ( tex4 , p0 ) , texture2D ( tex4 , vec2 ( p1 . x , p0 . y ) ) , dp . x ) ,

mix ( texture2D ( tex4 , vec2 ( p0 . x , p1 . y ) ) , texture2D ( tex4 , p1 ) , dp . x ) , dp⤦
Ç . y ) ;

s i z e ∗= 0 . 5 ;
60 p0 = f l o o r (p ∗ s i z e ) / s i z e ;

p1 = p0 + vec2 ( 1 . 0 , 1 . 0 ) / s i z e ;
dp = (p1 − p0 ) ∗ s i z e ;
o += mix (mix ( texture2D ( tex5 , p0 ) , texture2D ( tex5 , vec2 ( p1 . x , p0 . y ) ) , dp . x ) ,

mix ( texture2D ( tex5 , vec2 ( p0 . x , p1 . y ) ) , texture2D ( tex5 , p1 ) , dp . x ) , dp⤦
Ç . y ) ;

65

s i z e ∗= 0 . 5 ;
p0 = f l o o r (p ∗ s i z e ) / s i z e ;
p1 = p0 + vec2 ( 1 . 0 , 1 . 0 ) / s i z e ;
dp = (p1 − p0 ) ∗ s i z e ;

70 o += mix (mix ( texture2D ( tex6 , p0 ) , texture2D ( tex6 , vec2 ( p1 . x , p0 . y ) ) , dp . x ) ,
mix ( texture2D ( tex6 , vec2 ( p0 . x , p1 . y ) ) , texture2D ( tex6 , p1 ) , dp . x ) , dp⤦

Ç . y ) ;

s i z e ∗= 0 . 5 ;
p0 = f l o o r (p ∗ s i z e ) / s i z e ;

75 p1 = p0 + vec2 ( 1 . 0 , 1 . 0 ) / s i z e ;
dp = (p1 − p0 ) ∗ s i z e ;
o += mix (mix ( texture2D ( tex7 , p0 ) , texture2D ( tex7 , vec2 ( p1 . x , p0 . y ) ) , dp . x ) ,

mix ( texture2D ( tex7 , vec2 ( p0 . x , p1 . y ) ) , texture2D ( tex7 , p1 ) , dp . x ) , dp⤦
Ç . y ) ;

∗/
80 vec4 o0 = texture2D ( tex0 , p) ;

vec4 o1 = texture2D ( tex1 , p) ;
vec4 o2 = texture2D ( tex2 , p) ;
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vec4 o3 = texture2D ( tex3 , p) ;
vec4 o4 = texture2D ( tex4 , p) ;

85 vec4 o5 = texture2D ( tex5 , p) ;
vec4 o6 = texture2D ( tex6 , p) ;
vec4 o7 = texture2D ( tex7 , p) ;
vec4 o ;
f l o a t k = 1 . 1 ;

90 f l o a t t = 1 . 0 ;
o = o7 ; o ∗= k ; t ∗= k ;
o += o6 ; o ∗= k ; t += 1 . 0 ; t ∗= k ;
o += o5 ; o ∗= k ; t += 1 . 0 ; t ∗= k ;
o += o4 ; o ∗= k ; t += 1 . 0 ; t ∗= k ;

95 o += o3 ; o ∗= k ; t += 1 . 0 ; t ∗= k ;
o += o2 ; o ∗= k ; t += 1 . 0 ; t ∗= k ;
o += o1 ; o ∗= k ; t += 1 . 0 ; t ∗= k ;
o += o0 ; o ∗= k ; t += 1 . 0 ; t ∗= k ;
o /= t ;

100 f l o a t l = length ( o . rgb ) ;
g l FragCo lor = vec4 ( o . rgb ∗ clamp ( log ( 5 . 0 ∗ l og ( 5 . 0 ∗ l + 1 . 0 ) + 1 . 0 ) , 0 . 0 , ⤦

Ç 1 . 0 ) , 1 . 0 ) ;
}

20 src/bloom.h

/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2010 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 Bloom/Glow E f f e c t
===================================================================== ∗/

#i f n d e f BLOOMH
#de f i n e BLOOMH 1

10

#inc lude ” shader . h”
#inc lude ” gblur . h”

//======================================================================
15 // shader data

s t r u c t bloom { s t r u c t shader shader ;
s t r u c t { GLint tex0 , tex1 , tex2 , tex3 , tex4 , tex5 , tex6 , tex7 ; } uniform ;
s t r u c t { i n t tex0 , tex1 , tex2 , tex3 , tex4 , tex5 , tex6 , tex7 ; } value ;
s t r u c t gb lur gb lur ;

20 } ;

//======================================================================
// prototypes
s t r u c t bloom ∗ b loom in i t ( s t r u c t bloom ∗bloom ) ;

25 void bloom reshape ( s t r u c t bloom ∗bloom , i n t w, i n t h) ;
void b loom disp lay ( s t r u c t bloom ∗bloom , GLuint fbo , GLuint t ex ture ) ;

#end i f

21 src/blur.c

/∗ =====================================================================
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rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2010 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 Blur shader
===================================================================== ∗/

#inc lude ” b lur . h”
#inc lude ” b lur . f r a g . c”

10

//======================================================================
// blur shader i n i t i a l i z a t i o n
s t r u c t b lur ∗ b l u r i n i t ( s t r u c t b lur ∗ blur ) {

i f ( ! b lur ) { re turn 0 ; }
15 i f ( ! s h a d e r i n i t (&blur−>shader , 0 , b l u r f r a g ) ) { re turn 0 ; }

shader uni form ( blur , t ex ture ) ;
shader uni form ( blur , d ) ;
blur−>value . t ex ture = 0 ;
blur−>value . d [ 0 ] = 0 ;

20 blur−>value . d [ 1 ] = 0 ;
re turn b lur ;

}

// EOF

22 src/blur.frag

/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2010 Claude Heiland −Allen <claude@mathr . co . uk>
===================================================================== ∗/

5

uniform sampler2D texture ;
uniform vec2 d ;

void main ( void ) {
10 vec2 p = gl TexCoord [ 0 ] . s t ;

vec4 x00 = texture2D ( texture , p ) ;
vec4 x01 = texture2D ( texture , p + vec2 ( 0 . 0 , d . y ) ) ;
vec4 x10 = texture2D ( texture , p + vec2 (d . x , 0 . 0 ) ) ;
vec4 x11 = texture2D ( texture , p + vec2 (d . x , d . y ) ) ;

15 vec2 p0 = f l o o r (p / d) ∗ d ;
vec2 dp = (p − p0 ) / d ;
vec3 t l = texture2D ( texture , p0 ) . rgb ;
vec3 t r = texture2D ( texture , p0 + vec2 (d . x , 0 . 0 ) ) . rgb ;
vec3 b l = texture2D ( texture , p0 + vec2 ( 0 . 0 , d . y ) ) . rgb ;

20 vec3 br = texture2D ( texture , p0 + vec2 (d . x , d . y ) ) . rgb ;
vec3 t = t l ∗ ( 1 . 0 − dp . x ) + dp . x ∗ t r ;
vec3 b = bl ∗ ( 1 . 0 − dp . x ) + dp . x ∗ br ;
vec3 l = t l ∗ ( 1 . 0 − dp . y ) + dp . y ∗ bl ;
vec3 r = t r ∗ ( 1 . 0 − dp . y ) + dp . y ∗ br ;

25 vec3 m1 = t ∗ ( 1 . 0 − dp . y ) + dp . y ∗ b ;
vec3 m2 = l ∗ ( 1 . 0 − dp . x ) + dp . x ∗ r ;
vec3 m = 0.5 ∗ (m1 + m2) ;
g l FragCo lor = vec4 (m, 1 . 0 ) ;

}

48



rdex-client src/blur.h

23 src/blur.h

/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2010 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 Blur shader
===================================================================== ∗/

#i f n d e f BLUR H
#de f i n e BLUR H 1

10

#inc lude ” shader . h”

//======================================================================
// ar i thmet i c mean shader data

15 s t r u c t b lur { s t r u c t shader shader ;
s t r u c t { GLint t ex ture ; GLint d ; } uniform ;
s t r u c t { i n t t ex ture ; f l o a t d [ 2 ] ; } value ;

} ;

20 //======================================================================
// prototypes
s t r u c t b lur ∗ b l u r i n i t ( s t r u c t b lur ∗ blur ) ;

#end i f

24 src/borderwindow.c

/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2008 ,2010 ,2011 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 Border/Window Shader
===================================================================== ∗/

#inc lude ”borderwindow . h”
#inc lude ”borderwindow . f r ag . c”

10 #inc lude ” p r o j e c t i o n . ve r t . c”
#inc lude ”borderwindow pick . f r a g . c”
#inc lude ” p r o j e c t i o n p i c k . ve r t . c”

//======================================================================
15 // borderwindow shader i n i t i a l i z a t i o n

s t r u c t borderwindow ∗ borderwindow in i t ( s t r u c t borderwindow ∗borderwindow ) {
i f ( ! borderwindow ) { re turn 0 ; }
i f ( ! s h a d e r i n i t (&borderwindow−>shader , p r o j e c t i o n v e r t , borderwindow frag ) ) ⤦

Ç {
re turn 0 ;

20 }
// ver tex shader
shader uni form ( borderwindow , o r i g i n ) ;
shader uni form ( borderwindow , s c a l e ) ;
shader uni form ( borderwindow , r o t a t e ) ;

25 shader uni form ( borderwindow , t r a n s l a t e ) ;
shader uni form ( borderwindow , near ) ;
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shader uni form ( borderwindow , f a r ) ;
borderwindow−>value . o r i g i n [ 0 ] = 0 . 1 5 ;
borderwindow−>value . o r i g i n [ 1 ] = 0 . 1 5 ;

30 borderwindow−>value . o r i g i n [ 2 ] = 0 . 0 5 ;
borderwindow−>value . o r i g i n [ 3 ] = 0 . 0 5 ;
borderwindow−>value . s c a l e [ 0 ] = 1 . 0 / 0 . 1 5 ;
borderwindow−>value . s c a l e [ 1 ] = 1 . 0 / 0 . 1 5 ;
borderwindow−>value . s c a l e [ 2 ] = 1 . 0 / 0 . 0 5 ;

35 borderwindow−>value . s c a l e [ 3 ] = 1 . 0 / 0 . 0 5 ;
i n t k = 0 ;
f o r ( i n t i = 0 ; i < 4 ; ++i ) {
f o r ( i n t j = 0 ; j < 4 ; ++j ) {

borderwindow−>value . r o t a t e [ k++] = i == j ;
40 }}

borderwindow−>value . t r a n s l a t e [ 0 ] = 0 . 0 ;
borderwindow−>value . t r a n s l a t e [ 1 ] = 0 . 0 ;
borderwindow−>value . t r a n s l a t e [ 2 ] = 0 . 0 ;
borderwindow−>value . t r a n s l a t e [ 3 ] = 8 . 0 ;

45 borderwindow−>value . near [ 0 ] = −1 .0 ;
borderwindow−>value . near [ 1 ] = −1 .0 ;
borderwindow−>value . near [ 2 ] = −1 .0 ;
borderwindow−>value . near [ 3 ] = 4 . 0 ;
borderwindow−>value . f a r [ 0 ] = 1 . 0 ;

50 borderwindow−>value . f a r [ 1 ] = 1 . 0 ;
borderwindow−>value . f a r [ 2 ] = 1 . 0 ;
borderwindow−>value . f a r [ 3 ] = 1 2 . 0 ;
// fragment shader
shader uni form ( borderwindow , t ex ture ) ;

55 shader uni form ( borderwindow , pack ) ;
shader uni form ( borderwindow , s i z e ) ;
borderwindow−>value . t ex ture = 0 ;
borderwindow−>value . pack = 0 ;
re turn borderwindow ;

60 }

//======================================================================
// borderwindow shader a c t i v a t i o n
void borderwindow use ( s t r u c t borderwindow ∗borderwindow ) {

65 i f ( borderwindow ) {
glUseProgramObjectARB ( borderwindow−>shader . program ) ;
borderwindow−>a t t r . d e l t a = glGetAttribLocationARB ( borderwindow−>shader .⤦

Ç program , ” de l t a ”) ;
borderwindow−>a t t r . sp in = glGetAttribLocationARB ( borderwindow−>shader .⤦

Ç program , ” sp in ”) ;
borderwindow−>a t t r . p ick = glGetAttribLocationARB ( borderwindow−>shader .⤦

Ç program , ” pick ”) ;
70 // ver tex shader

shader update f4 ( borderwindow , o r i g i n ) ;
shader update f4 ( borderwindow , s c a l e ) ;
shader updatem4 ( borderwindow , r o t a t e ) ;
shader update f4 ( borderwindow , t r a n s l a t e ) ;

75 shader update f4 ( borderwindow , near ) ;
shader update f4 ( borderwindow , f a r ) ;
// fragment shader
shader update i ( borderwindow , t ex ture ) ;
shader update f ( borderwindow , pack ) ;

80 shader update f ( borderwindow , s i z e ) ;
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} e l s e {
glUseProgramObjectARB (0) ;

}
}

85

//======================================================================
// borderwindow p i ck ing shader i n i t i a l i z a t i o n
s t r u c t borderwindow pick ∗ borde rw indow p ick in i t ( s t r u c t borderwindow pick ∗⤦

Ç borderwindow pick ) {
i f ( ! borderwindow pick ) { re turn 0 ; }

90 i f ( ! s h a d e r i n i t (&borderwindow pick−>shader , p r o j e c t i o n p i c k v e r t , ⤦
Ç borderwindow pick f rag ) ) {

re turn 0 ;
}
// ver tex shader
shader uni form ( borderwindow pick , o r i g i n ) ;

95 shader uni form ( borderwindow pick , s c a l e ) ;
shader uni form ( borderwindow pick , r o t a t e ) ;
shader uni form ( borderwindow pick , t r a n s l a t e ) ;
shader uni form ( borderwindow pick , near ) ;
shader uni form ( borderwindow pick , f a r ) ;

100 borderwindow pick−>value . o r i g i n [ 0 ] = 0 . 1 5 ;
borderwindow pick−>value . o r i g i n [ 1 ] = 0 . 1 5 ;
borderwindow pick−>value . o r i g i n [ 2 ] = 0 . 0 5 ;
borderwindow pick−>value . o r i g i n [ 3 ] = 0 . 0 5 ;
borderwindow pick−>value . s c a l e [ 0 ] = 1 . 0 / 0 . 1 5 ;

105 borderwindow pick−>value . s c a l e [ 1 ] = 1 . 0 / 0 . 1 5 ;
borderwindow pick−>value . s c a l e [ 2 ] = 1 . 0 / 0 . 0 5 ;
borderwindow pick−>value . s c a l e [ 3 ] = 1 . 0 / 0 . 0 5 ;
i n t k = 0 ;
f o r ( i n t i = 0 ; i < 4 ; ++i ) {

110 f o r ( i n t j = 0 ; j < 4 ; ++j ) {
borderwindow pick−>value . r o t a t e [ k++] = i == j ;

}}
borderwindow pick−>value . t r a n s l a t e [ 0 ] = 0 . 0 ;
borderwindow pick−>value . t r a n s l a t e [ 1 ] = 0 . 0 ;

115 borderwindow pick−>value . t r a n s l a t e [ 2 ] = 0 . 0 ;
borderwindow pick−>value . t r a n s l a t e [ 3 ] = 8 . 0 ;
borderwindow pick−>value . near [ 0 ] = −1 .0 ;
borderwindow pick−>value . near [ 1 ] = −1 .0 ;
borderwindow pick−>value . near [ 2 ] = −1 .0 ;

120 borderwindow pick−>value . near [ 3 ] = 4 . 0 ;
borderwindow pick−>value . f a r [ 0 ] = 1 . 0 ;
borderwindow pick−>value . f a r [ 1 ] = 1 . 0 ;
borderwindow pick−>value . f a r [ 2 ] = 1 . 0 ;
borderwindow pick−>value . f a r [ 3 ] = 1 2 . 0 ;

125 re turn borderwindow pick ;
}

//======================================================================
// borderwindow pick shader a c t i v a t i o n

130 void borderwindow pick use ( s t r u c t borderwindow pick ∗borderwindow pick ) {
i f ( borderwindow pick ) {

glUseProgramObjectARB ( borderwindow pick−>shader . program ) ;
borderwindow pick−>a t t r . d e l t a = glGetAttribLocationARB ( borderwindow pick−>⤦

Ç shader . program , ” de l t a ”) ;
// ver tex shader
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135 shader update f4 ( borderwindow pick , o r i g i n ) ;
shader update f4 ( borderwindow pick , s c a l e ) ;
shader updatem4 ( borderwindow pick , r o t a t e ) ;
shader update f4 ( borderwindow pick , t r a n s l a t e ) ;
shader update f4 ( borderwindow pick , near ) ;

140 shader update f4 ( borderwindow pick , f a r ) ;
} e l s e {

glUseProgramObjectARB (0) ;
}

}
145

// EOF

25 src/borderwindow.frag

/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2008 ,2010 ,2011 ,2019 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 Sphere shader
===================================================================== ∗/

uniform sampler2DArray tex ;

10 varying vec2 sp in2 ;
vary ing f l o a t s c a l e 2 ;

void main ( void ) {
f l o a t p = gl TexCoord [ 0 ] . x ; // f l o a t in [ 0 . . ]

15 vec2 q0 = gl TexCoord [ 0 ] . zw ;
vec2 q1 = 2 .0 ∗ ( q0 − vec2 ( 0 . 5 , 0 . 5 ) ) ;
f l o a t d = dot ( q1 , q1 ) ;
i f (d < 1 . 0 ) {

vec3 n = normal ize ( vec3 ( q1 , s q r t (1.0 −d) ) ) ;
20 vec2 q = q1 / ( 1 . 0 + sq r t ( 1 . 0 − d) ) ;

vec2 q2 = s c a l e 2 ∗ q + spin2 ;
vec2 f r a c = q2 ;
// l i n e a r i n t e r p o l a t i o n
vec3 m = texture ( tex , vec3 ( f rac , p ) ) . rgb ;

25 // output
f l o a t a = 1 . 0 ;
f l o a t k = gl FragCoord . z − 0 .1 ∗ cos ( sq r t (d) ∗ 3 .1415926∗0 .5 ) ;
f l o a t c = 0.0625 + pow( dot ( vec3 ( 0 . 0 , 0 . 0 , 1 . 0 ) , n ) , 2 . 0 ) ;
vec3 rgb = m ∗ c ;

30 gl FragDepth = k ;
g l FragCo lor = vec4 ( rgb , a ) ;

} e l s e {
d i s ca rd ;

}
35 }

26 src/borderwindow.h

/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2008 ,2010 ,2011 Claude Heiland −Allen <claude@mathr . co . uk>
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−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 Border/Window Shader
===================================================================== ∗/

#i f n d e f BORDERWINDOWH
#de f i n e BORDERWINDOWH 1

10

#inc lude ” shader . h”

//======================================================================
// borderwindow shader data

15 s t r u c t borderwindow { s t r u c t shader shader ;
s t r u c t {

GLint o r i g i n , s ca l e , rotate , t r an s l a t e , near , f a r ; // ver tex
GLint texture , pack , s i z e ; // fragment

} uniform ;
20 s t r u c t {

f l o a t o r i g i n [ 4 ] , s c a l e [ 4 ] , r o t a t e [ 1 6 ] , t r a n s l a t e [ 4 ] , near [ 4 ] , f a r [ 4 ] ; // ⤦
Ç ver tex

i n t t ex ture ; f l o a t pack , s i z e ; // fragment
} value ;
s t r u c t {

25 GLint de l ta , spin , p ick ; // ver tex
} a t t r ;

} ;

s t r u c t borderwindow pick { s t r u c t shader shader ;
30 s t r u c t {

GLint o r i g i n , s ca l e , rotate , t r an s l a t e , near , f a r ; // ver tex
} uniform ;
s t r u c t {

f l o a t o r i g i n [ 4 ] , s c a l e [ 4 ] , r o t a t e [ 1 6 ] , t r a n s l a t e [ 4 ] , near [ 4 ] , f a r [ 4 ] ; // ⤦
Ç ver tex

35 } value ;
s t r u c t {

GLint de l t a ; // ver tex
} a t t r ;

} ;
40

//======================================================================
// prototypes
s t r u c t borderwindow ∗ borderwindow in i t ( s t r u c t borderwindow ∗borderwindow ) ;
void borderwindow use ( s t r u c t borderwindow ∗borderwindow ) ;

45

s t r u c t borderwindow pick ∗ borde rw indow p ick in i t ( s t r u c t borderwindow pick ∗⤦
Ç borderwindow pick ) ;

void borderwindow pick use ( s t r u c t borderwindow pick ∗borderwindow pick ) ;

#end i f

27 src/borderwindow pick.frag

/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2008 ,2010 ,2011 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 Sphere shader f o r b a l l p i ck ing
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===================================================================== ∗/

varying f l o a t i gnor e ;

10 void main ( void ) {
vec2 p = gl TexCoord [ 0 ] . xy ; // f l o a t in [ 0 . . 1 ]
vec2 q0 = gl TexCoord [ 0 ] . zw ;
vec2 q1 = 2 .0 ∗ ( q0 − vec2 ( 0 . 5 , 0 . 5 ) ) ;
f l o a t d = dot ( q1 , q1 ) ;

15 i f ( i gno r e < 0 .5 && d < 1 . 0 ) {
f l o a t k = gl FragCoord . z − 0 .1 ∗ cos ( sq r t (d) ∗ 3 .1415926∗0 .5 ) ;
gl FragDepth = k ;
g l FragCo lor = vec4 (p , 0 . 0 , 1 . 0 ) ;

} e l s e {
20 d i s ca rd ;

}
}

28 src/camera.c

/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2010 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 Chase camera
===================================================================== ∗/

/∗

10 The camera i s model led by some po int masses connected toge the r :

T = ta rg e t
V∗ = v e r t i c e s o f camera cage

15 where :

massV∗ << massT

Each V i s connected to T by a s t r e t chy spr ing o f appropr ia t e r e s t l ength .
20 Each V i s connected to each other V by a s t i f f sp r ing o f appropr ia te r e s t

l ength .

The camera r o t a t i on matrix i s :

25 C = sum(V∗) / count (V∗)
M = normal ize ( [ V0 , V1 , V2 , V3 ] − [ C, C, C, C ] )

Updating the view i s peformed by updating the mass sp r ing damper model .

30 ∗/

#inc lude <math . h>
#inc lude <s t r i n g . h>
#inc lude ”camera . h”

35

void camera in i t ( s t r u c t camera ∗camera ) {
memset ( camera , 0 , s i z e o f (∗ camera ) ) ;
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camera−>dt = 0 . 0 0 4 ;
// camera s c a l e

40 f l o a t r = 1 .0 / 1 6 . 0 ;
// i n i t i a l i z e t a r g e t po int
camera−>T. po s i t i o n . v [ 3 ] = r ;
camera−>T. mass = 1 << 20 ;
// i n i t i a l i z e camera po in t s

45 camera−>V[ 0 ] . p o s i t i o n . v [ 0 ] = r ;
camera−>V[ 1 ] . p o s i t i o n . v [ 1 ] = r ;
camera−>V[ 2 ] . p o s i t i o n . v [ 2 ] = r ;
camera−>V[ 3 ] . p o s i t i o n . v [ 3 ] = r ;
camera−>V[ 4 ] . p o s i t i o n . v [ 0 ] = −r ;

50 camera−>V[ 5 ] . p o s i t i o n . v [ 1 ] = −r ;
camera−>V[ 6 ] . p o s i t i o n . v [ 2 ] = −r ;
camera−>V[ 7 ] . p o s i t i o n . v [ 3 ] = −r ;
camera−>r = r ;
f o r ( i n t i = 0 ; i < 8 ; ++i ) {

55 camera−>V[ i ] . mass = 1 .0 / 8 . 0 ; // + 4 .0 ∗ ( ( i == 3) | | ( i == 7) ) ;
}
// i n i t i a l i z e ex t e rna l l i n k s
f o r ( i n t i = 0 ; i < 8 ; ++i ) {

camera−>TV[ i ] . p = &camera−>T;
60 camera−>TV[ i ] . q = &camera−>V[ i ] ;

camera−>TV[ i ] . l ength = vd i s tance4 (&camera−>T. pos i t i on , &camera−>V[ i ] .⤦
Ç po s i t i o n ) ;

camera−>TV[ i ] . k = 1 ;
camera−>TV[ i ] . c = 2 ∗ s q r t ( camera−>TV[ i ] . k ) ; // ∗ camera−>V[ i ] . mass ) ;

}
65 // i n i t i a l i z e i n t e r n a l l i n k s

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

f o r ( i n t j = i + 1 ; j < 8 ; ++j ) {
camera−>VV[ k ] . p = &camera−>V[ i ] ;

70 camera−>VV[ k ] . q = &camera−>V[ j ] ;
camera−>VV[ k ] . l ength = vd i s tance4 (&camera−>V[ i ] . po s i t i on , &camera−>V[ j ] .⤦

Ç po s i t i o n ) ;
camera−>VV[ k ] . k = 1 ;
camera−>VV[ k ] . c = 2 ∗ s q r t ( camera−>VV[ k ] . k ∗ s q r t ( camera−>V[ i ] . mass ∗ ⤦

Ç camera−>V[ j ] . mass ) ) ;
k++;

75 }
}
// r e s e t p o s i t i o n
f o r ( i n t i = 0 ; i < 8 ; ++i ) {

camera−>V[ i ] . p o s i t i o n . v [ 3 ] −= r ;
80 }

}

void camera force ( s t r u c t l i n k ∗ l ) {
s t r u c t vec4 zero = { { 0 , 0 , 0 , 0 } } ;

85 s t r u c t vec4 f , d i r , ndir , dv ;
f l o a t l d i r , x , v ;
vcopy4(&f , &zero ) ;
/∗ d i r = l−>p−>po s i t i o n − l−>q−>po s i t i o n
∗ l d i r = length ( d i r )

90 ∗ ndi r = d i r / l d i r
∗ x = l−>l ength − l d i r
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∗ v = dot ( l−>p−>v e l o c i t y − l−>q−>ve l o c i t y , nd i r )
∗ f = − ( k x + c v )
∗/

95 vvsub4(&dir , &l−>p−>pos i t i on , &l−>q−>po s i t i o n ) ;
l d i r = vlength4(&d i r ) ;
i f ( ! ( l d i r > 0) ) {

re turn ;
}

100 x = l d i r − l−>l ength ;
vsd iv4(&ndir , &dir , l d i r ) ;
vvsub4(&dv , &l−>p−>ve l o c i t y , &l−>q−>v e l o c i t y ) ;
v = vvdot4(&dv , &ndi r ) ;
vsmul4(&f , &ndir , l−>k ∗ x + l−>c ∗ v ) ;

105 vvsub4(&l−>p−>f o r c e , &l−>p−>f o r c e , &f ) ;
vvadd4(&l−>q−>f o r c e , &l−>q−>f o r c e , &f ) ;

}

void camera act ion1 ( s t r u c t mass ∗m, f l o a t dt ) {
110 s t r u c t vec4 a , dv ;

vsd iv4(&a , &m−>f o r c e , m−>mass ) ;
vsmul4(&dv , &a , dt ) ;
vvadd4(&m−>ve l o c i t y , &m−>ve l o c i t y , &dv ) ;

}
115

void c ame r a f r i c t i o n ( s t r u c t mass ∗m, s t r u c t vec4 ∗v0 , s t r u c t vec4 ∗ v0d i r ) {
s t r u c t vec4 dv ;
vvsub4(&dv , &m−>ve l o c i t y , v0 ) ;
vsmul4(&m−>ve l o c i t y , v0 , 0 . 995 ) ;

120 vvadd4(&m−>ve l o c i t y , &m−>ve l o c i t y , &dv ) ;
// vsmul4(&m−>ve l o c i t y , &m−>ve l o c i t y , 0 . 9 9 ) ;
}

void camera act ion2 ( s t r u c t mass ∗m, f l o a t dt ) {
125 s t r u c t vec4 dp ;

vsmul4(&dp , &m−>ve l o c i t y , dt ) ;
vvadd4(&m−>pos i t i on , &m−>pos i t i on , &dp) ;

}

130 void camera update ( s t r u c t camera ∗camera , s t r u c t vec4 ∗ t a r g e t ) {
// s e t t a r g e t
s t r u c t vec4 zero = { { 0 , 0 , 0 , 0 } } ;
vvmul4(&camera−>T. pos i t i on , target , &camera−>s c a l e ) ;
vcopy4(&camera−>T. ve l o c i t y , &zero ) ;

135 // r e s e t f o r c e s
vcopy4(&camera−>T. fo r ce , &zero ) ;
f o r ( i n t i = 0 ; i < 8 ; ++i ) {

vcopy4(&camera−>V[ i ] . f o r c e , &zero ) ;
}

140 // accumulate f o r c e s from l i n k s
f o r ( i n t i = 0 ; i < 8 ; ++i ) {

camera force (&camera−>TV[ i ] ) ;
}
f o r ( i n t i = 0 ; i < 28 ; ++i ) {

145 camera force (&camera−>VV[ i ] ) ;
}
// convert f o r c e s to movement
f o r ( i n t i = 0 ; i < 8 ; ++i ) {
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camera act ion1(&camera−>V[ i ] , camera−>dt ) ;
150 }

s t r u c t vec4 v0 , v0d i r ;
vcopy4(&v0 , &zero ) ;
f o r ( i n t i = 0 ; i < 8 ; ++i ) {

vvadd4(&v0 , &v0 , &camera−>V[ i ] . v e l o c i t y ) ;
155 }

vsdiv4(&v0 , &v0 , 8 . 0 ) ;
f l o a t v l = vlength4(&v0 ) ;
v l = v l > 0 ? v l : 1 . 0 ;
vsd iv4(&v0dir , &v0 , v l ) ;

160 f o r ( i n t i = 0 ; i < 8 ; ++i ) {
c ame r a f r i c t i o n (&camera−>V[ i ] , &v0 , &v0d i r ) ;

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

camera act ion2(&camera−>V[ i ] , camera−>dt ) ;
165 }

// c a l c u l a t e camera cente r
vcopy4(&camera−>C, &zero ) ;
f o r ( i n t i = 0 ; i < 8 ; ++i ) {

vvadd4(&camera−>C, &camera−>C, &camera−>V[ i ] . p o s i t i o n ) ;
170 }

vsdiv4(&camera−>C, &camera−>C, 8) ;
// c a l c u l a t e camera matrix
s t r u c t vec4 v [ 8 ] ;
f o r ( i n t i = 0 ; i < 8 ; ++i ) {

175 vvsub4(&v [ i ] , &camera−>V[ i ] . po s i t i on , &camera−>C) ;
}
i n t k = 0 ;
f o r ( i n t i = 0 ; i < 4 ; ++i ) {

f l o a t d = vd i s tance4 (&v [ i ] , &v [ i +4]) ;
180 f o r ( i n t j = 0 ; j < 4 ; ++j ) {

camera−>M.m[ k++] = (v [ i ] . v [ j ] − v [ i +4] . v [ j ] ) / d ; //(n + m) ;
}

}
vcopy4(&camera−>C, &camera−>V[ 3 ] . p o s i t i o n ) ;

185 vvdiv4(&camera−>C, &camera−>C, &camera−>s c a l e ) ;
}

// EOF

29 src/camera.h

/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2010 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 Chase camera
===================================================================== ∗/

#i f n d e f CAMERAH
#de f i n e CAMERAH 1

10

#inc lude ”matrix . h”

s t r u c t mass {
s t r u c t vec4 po s i t i o n ;
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15 s t r u c t vec4 v e l o c i t y ;
s t r u c t vec4 f o r c e ;
f l o a t mass ;

} ;

20 s t r u c t l i n k {
s t r u c t mass ∗p ;
s t r u c t mass ∗q ;
f l o a t l ength ;
f l o a t k ;

25 f l o a t c ;
} ;

s t r u c t camera {
s t r u c t mass T;

30 s t r u c t mass V [ 8 ] ;
s t r u c t l i n k TV[ 8 ] ;
s t r u c t l i n k VV[ 2 8 ] ;
s t r u c t vec4 C;
s t r u c t mat4 M;

35 f l o a t dt ;
f l o a t r ;
s t r u c t vec4 s c a l e ;

} ;

40 void camera in i t ( s t r u c t camera ∗camera ) ;
void camera update ( s t r u c t camera ∗camera , s t r u c t vec4 ∗ t a r g e t ) ;

#end i f

30 src/copysquare.c

/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2008 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 Copy And Square Shader
===================================================================== ∗/

#inc lude ” u t i l . h”
#inc lude ” copysquare . h”

10 #inc lude ” copysquare . f r a g . c”

//======================================================================
// copysquare shader i n i t i a l i z a t i o n
s t r u c t copysquare ∗ c opy squa r e i n i t ( s t r u c t copysquare ∗ copysquare ) {

15 i f ( ! copysquare ) { re turn 0 ; }
i f ( ! s h a d e r i n i t (&copysquare−>shader , 0 , copysquare f rag ) ) {

re turn 0 ;
}
shader uni form ( copysquare , t ex ture ) ;

20 copysquare−>value . t ex ture = 0 ;
glGenTextures (1 , &copysquare−>t ex ture ) ;
g lEnable (GL TEXTURE 2D) ;
glBindTexture (GL TEXTURE 2D, copysquare−>t ex ture ) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTURE MIN FILTER, GL NEAREST) ;

25 glTexParameteri (GL TEXTURE 2D, GL TEXTURE MAG FILTER, GL NEAREST) ;
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g lD i s ab l e (GL TEXTURE 2D) ;
copysquare−>width = 0 ;
copysquare−>he ight = 0 ;
re turn copysquare ;

30 }

//======================================================================
// copysquare shader reshape ca l l b a ck
void copysquare reshape ( s t r u c t copysquare ∗ copysquare , i n t w, i n t h) {

35 copysquare−>width = roundtwo (w) ;
copysquare−>he ight = roundtwo (h) ;
g lEnable (GL TEXTURE 2D) ;
glBindTexture (GL TEXTURE 2D, copysquare−>t ex ture ) ;
glTexImage2D (GL TEXTURE 2D, 0 , GL RGBA32F ARB,

40 copysquare−>width , copysquare−>height , 0 , GL RGBA, GL FLOAT, 0
) ;
g lD i s ab l e (GL TEXTURE 2D) ;

}

45 //======================================================================
// copysquare shader d i sp l ay ca l l ba ck
void copysquare d i sp l ay (

s t r u c t copysquare ∗ copysquare , GLuint fbo , GLuint t ex ture
) {

50 glEnable (GL TEXTURE 2D) ;
glBindTexture (GL TEXTURE 2D, t ex ture ) ;
//glBindFramebufferEXT (GL FRAMEBUFFER EXT, fbo ) ;
glFramebufferTexture2DEXT (

GL FRAMEBUFFER EXT, GL COLORATTACHMENT0 EXT, GL TEXTURE 2D,
55 copysquare−>texture , 0

) ;
glUseProgramObjectARB ( copysquare−>shader . program ) ;
shader update i ( copysquare , t ex ture ) ;
glMatrixMode (GL PROJECTION) ;

60 g lLoadIdent i ty ( ) ;
gluOrtho2D (0 , 1 , 0 , 1) ;
glMatrixMode (GLMODELVIEW) ;
g lLoadIdent i ty ( ) ;
g lViewport (0 , 0 , copysquare−>width , copysquare−>he ight ) ;

65 g lBeg in (GL QUADS) ; { g lCo l o r 4 f ( 1 , 1 , 1 , 1 ) ;
glTexCoord2f (0 , 0) ; g lVe r t ex2 f (0 , 0) ;
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) ;

70 } glEnd ( ) ;
glUseProgramObjectARB (0) ;
//glBindFramebufferEXT (GL FRAMEBUFFER EXT, 0) ;
g lD i s ab l e (GL TEXTURE 2D) ;

}
75

//======================================================================
// copysquare shader i d l e c a l l b a ck
void copy squa r e i d l e ( s t r u c t copysquare ∗ copysquare ) { }

80 // EOF
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31 src/copysquare.frag

/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2008 Claude Heiland −Allen <claude@mathr . co . uk>
===================================================================== ∗/

5

uniform sampler2D texture ; // (U,V, , )

void main ( void ) {
vec2 p = gl TexCoord [ 0 ] . s t ;

10 vec2 c = texture2D ( texture , p ) . rg ;
g l FragCo lor = vec4 ( c . r , c . r ∗c . r , c . g , c . g∗c . g ) ; // (U,Uˆ2 ,V,Vˆ2)

}

32 src/copysquare.h

/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2008 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 Copy And Square Shader
===================================================================== ∗/

#i f n d e f COPYSQUAREH
#de f i n e COPYSQUAREH 1

10

#inc lude ” shader . h”

//======================================================================
// copysquare shader data

15 s t r u c t copysquare { s t r u c t shader shader ;
s t r u c t { GLint t ex ture ; } uniform ;
s t r u c t { i n t t ex ture ; } value ;
GLuint t ex ture ;
i n t width ;

20 i n t he ight ;
} ;

//======================================================================
// prototypes

25 s t r u c t copysquare ∗ c opy squa r e i n i t ( s t r u c t copysquare ∗ copysquare ) ;
void copysquare reshape ( s t r u c t copysquare ∗ copysquare , i n t w, i n t h) ;
void copysquare d i sp l ay (

s t r u c t copysquare ∗ copysquare , GLuint fbo , GLuint t ex ture
) ;

30 void copy squa r e i d l e ( s t r u c t copysquare ∗ copysquare ) ;

#end i f

33 src/difference.c

/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2008 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
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5 Di f f e r e n c e Shader
===================================================================== ∗/

#inc lude ” u t i l . h”
#inc lude ” d i f f e r e n c e . h”

10 #inc lude ” d i f f e r e n c e . f r a g . c”

//======================================================================
// d i f f e r e n c e shader i n i t i a l i z a t i o n
s t r u c t d i f f e r e n c e ∗ d i f f e r e n c e i n i t ( s t r u c t d i f f e r e n c e ∗ d i f f e r e n c e ) {

15 i f ( ! d i f f e r e n c e ) { re turn 0 ; }
i f ( ! s h a d e r i n i t (&d i f f e r e n c e −>shader , 0 , d i f f e r e n c e f r a g ) ) {

re turn 0 ;
}
shader uni form ( d i f f e r e n c e , t exture1 ) ;

20 shader uni form ( d i f f e r e n c e , t exture2 ) ;
d i f f e r e n c e −>value . t ex ture1 = 0 ;
d i f f e r e n c e −>value . t ex ture2 = 1 ;
i f ( ! a r i thmet i cmean in i t (&d i f f e r e n c e −>arithmeticmean ) ) { re turn 0 ; }
glGenTextures (2 , d i f f e r e n c e −>t ex tu r e s ) ;

25 glEnable (GL TEXTURE 2D) ;
glBindTexture (GL TEXTURE 2D, d i f f e r e n c e −>t ex tu r e s [ 0 ] ) ;
g lTexParameteri (GL TEXTURE 2D, GL TEXTURE MIN FILTER, GL NEAREST) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTURE MAG FILTER, GL NEAREST) ;
glBindTexture (GL TEXTURE 2D, d i f f e r e n c e −>t ex tu r e s [ 1 ] ) ;

30 glTexParameteri (GL TEXTURE 2D, GL TEXTURE MIN FILTER, GL NEAREST) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTURE MAG FILTER, GL NEAREST) ;
g lD i s ab l e (GL TEXTURE 2D) ;
d i f f e r e n c e −>width = 0 ;
d i f f e r e n c e −>he ight = 0 ;

35 d i f f e r e n c e −>snap = 0 ;
d i f f e r e n c e −>c a l c = 0 ;
d i f f e r e n c e −>mean = 0 ;
re turn d i f f e r e n c e ;

}
40

//======================================================================
// d i f f e r e n c e shader reshape ca l l b a ck
void d i f f e r e n c e r e s h ap e ( s t r u c t d i f f e r e n c e ∗ d i f f e r e n c e , i n t w, i n t h) {

d i f f e r e n c e −>width = roundtwo (w) ;
45 d i f f e r e n c e −>he ight = roundtwo (h) ;

g lEnable (GL TEXTURE 2D) ;
glBindTexture (GL TEXTURE 2D, d i f f e r e n c e −>t ex tu r e s [ 0 ] ) ;
glTexImage2D (GL TEXTURE 2D, 0 , GL RGBA32F ARB,

d i f f e r e n c e −>width , d i f f e r e n c e −>height , 0 , GL RGBA, GL FLOAT, 0
50 ) ;

glBindTexture (GL TEXTURE 2D, d i f f e r e n c e −>t ex tu r e s [ 1 ] ) ;
glTexImage2D (GL TEXTURE 2D, 0 , GL RGBA32F ARB,

d i f f e r e n c e −>width , d i f f e r e n c e −>height , 0 , GL RGBA, GL FLOAT, 0
) ;

55 g lD i s ab l e (GL TEXTURE 2D) ;
ar i thmet icmean reshape(&d i f f e r e n c e −>arithmeticmean , w, h) ;

}

//======================================================================
60 // d i f f e r e n c e shader d i sp l ay ca l l b a ck

void d i f f e r e n c e d i s p l a y (
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s t r u c t d i f f e r e n c e ∗ d i f f e r e n c e , GLuint fbo , GLuint t ex ture
) {

i f ( d i f f e r e n c e −>snap ) {
65 glEnable (GL TEXTURE 2D) ;

glBindTexture (GL TEXTURE 2D, t ex ture ) ;
//glBindFramebufferEXT (GL FRAMEBUFFER EXT, fbo ) ;
glFramebufferTexture2DEXT (

GL FRAMEBUFFER EXT, GL COLORATTACHMENT0 EXT, GL TEXTURE 2D,
70 d i f f e r e n c e −>t ex tu r e s [ 0 ] , 0

) ;
glMatrixMode (GL PROJECTION) ;
g lLoadIdent i ty ( ) ;
gluOrtho2D (0 , 1 , 0 , 1) ;

75 glMatrixMode (GLMODELVIEW) ;
g lLoadIdent i ty ( ) ;
g lViewport (0 , 0 , d i f f e r e n c e −>width , d i f f e r e n c e −>he ight ) ;
g lBeg in (GL QUADS) ; { g lCo l o r 4 f ( 1 , 1 , 1 , 1 ) ;

glTexCoord2f (0 , 0) ; g lVe r t ex2 f (0 , 0) ;
80 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 ( ) ;
//glBindFramebufferEXT (GL FRAMEBUFFER EXT, 0) ;

85 g lD i s ab l e (GL TEXTURE 2D) ;
d i f f e r e n c e −>snap = 0 ;

} e l s e i f ( d i f f e r e n c e −>c a l c ) {
glEnable (GL TEXTURE 2D) ;
g lAct iveTexture (GL TEXTURE1) ;

90 glBindTexture (GL TEXTURE 2D, t ex ture ) ;
g lAct iveTexture (GL TEXTURE0) ;
glBindTexture (GL TEXTURE 2D, d i f f e r e n c e −>t ex tu r e s [ 0 ] ) ;
//glBindFramebufferEXT (GL FRAMEBUFFER EXT, fbo ) ;
glFramebufferTexture2DEXT (

95 GL FRAMEBUFFER EXT, GL COLORATTACHMENT0 EXT, GL TEXTURE 2D,
d i f f e r e n c e −>t ex tu r e s [ 1 ] , 0

) ;
glUseProgramObjectARB ( d i f f e r e n c e −>shader . program ) ;
shader update i ( d i f f e r e n c e , t ex ture1 ) ;

100 shader update i ( d i f f e r e n c e , t ex ture2 ) ;
glMatrixMode (GL PROJECTION) ;
g lLoadIdent i ty ( ) ;
gluOrtho2D (0 , 1 , 0 , 1) ;
glMatrixMode (GLMODELVIEW) ;

105 g lLoadIdent i ty ( ) ;
g lViewport (0 , 0 , d i f f e r e n c e −>width , d i f f e r e n c e −>he ight ) ;
g lBeg in (GL QUADS) ; { g lCo l o r 4 f ( 1 , 1 , 1 , 1 ) ;

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

110 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) ;
//glBindFramebufferEXT (GL FRAMEBUFFER EXT, 0) ;

115 g lD i s ab l e (GL TEXTURE 2D) ;
ar i thmet i cmean d i sp lay (

&d i f f e r e n c e −>arithmeticmean , fbo , d i f f e r e n c e −>t ex tu r e s [ 1 ]
) ;
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d i f f e r e n c e −>mean = d i f f e r e n c e −>arithmeticmean . r e s u l t [ 0 ] ;
120 d i f f e r e n c e −>c a l c = 0 ;

}
}

//======================================================================
125 // d i f f e r e n c e shader i d l e c a l l b a ck

void d i f f e r e n c e i d l e ( s t r u c t d i f f e r e n c e ∗ d i f f e r e n c e ) {
ar i thmet i cmean id l e (&d i f f e r e n c e −>arithmeticmean ) ;

}

130 // EOF

34 src/difference.frag

/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2008 Claude Heiland −Allen <claude@mathr . co . uk>
===================================================================== ∗/

5

uniform sampler2D texture1 ; // f i r s t t ex ture
uniform sampler2D texture2 ; // second tex ture

void main ( void ) {
10 vec2 p = gl TexCoord [ 0 ] . s t ; // t e x e l c oo rd ina t e s

vec4 d = texture2D ( texture1 , p) // d i f f e r e n c e between channe l s
− texture2D ( texture2 , p) ;

f l o a t q = sq r t ( dot (d , d) ) ; // l ength o f the d i f f e r e n c e vec to r
g l FragCo lor = vec4 (q , q , q , 1 . 0 ) ; // output

15 }

35 src/difference.h

/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2008 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 Di f f e r e n c e Shader
===================================================================== ∗/

#i f n d e f DIFFERENCE H
#de f i n e DIFFERENCE H 1

10

#inc lude ” shader . h”
#inc lude ” arithmeticmean . h”

//======================================================================
15 // d i f f e r e n c e shader data

s t r u c t d i f f e r e n c e { s t r u c t shader shader ;
s t r u c t { GLint texture1 ; GLint t exture2 ; } uniform ;
s t r u c t { i n t t exture1 ; GLint texture2 ; } value ;
s t r u c t arithmeticmean arithmeticmean ;

20 GLuint t ex tu r e s [ 2 ] ;
i n t width ;
i n t he ight ;
i n t snap ;
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i n t c a l c ;
25 f l o a t mean ;

} ;

//======================================================================
// prototypes

30 s t r u c t d i f f e r e n c e ∗ d i f f e r e n c e i n i t ( s t r u c t d i f f e r e n c e ∗ d i f f e r e n c e ) ;
void d i f f e r e n c e r e s h ap e ( s t r u c t d i f f e r e n c e ∗ d i f f e r e n c e , i n t w, i n t h) ;
void d i f f e r e n c e d i s p l a y (

s t r u c t d i f f e r e n c e ∗ d i f f e r e n c e , GLuint fbo , GLuint t ex ture
) ;

35 void d i f f e r e n c e i d l e ( s t r u c t d i f f e r e n c e ∗ d i f f e r e n c e ) ;

#end i f

36 src/expcolour.c

/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2010 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 Exponent ia l co l our space conver s i on
===================================================================== ∗/

#inc lude ” expco lour . h”
#inc lude ” expco lour . f r a g . c”

10

//======================================================================
// shader i n i t i a l i z a t i o n
s t r u c t expco lour ∗ e x p c o l o u r i n i t ( s t r u c t expco lour ∗ expco lour ) {

i f ( ! expco lour ) { re turn 0 ; }
15 i f ( ! s h a d e r i n i t (&expcolour−>shader , 0 , e xpco l ou r f r a g ) ) {

re turn 0 ;
}
shader uni form ( expcolour , t ex ture ) ;
expcolour−>value . t ex ture = 0 ;

20 re turn expco lour ;
}

// EOF

37 src/expcolour.frag

/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2010 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 Exponent ia l co l our space conver s i on
===================================================================== ∗/

uniform sampler2D texture ;

10 void main ( void ) {
vec2 p = gl TexCoord [ 0 ] . s t ;
vec4 x = texture2D ( texture , p ) ;
f l o a t l = dot ( vec3 ( 0 . 3 , 0 . 5 , 0 . 2 ) , x . rgb ) ;
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f l o a t a ;
15 i f ( l > 0 . 5 ) {

a = 1 . 0 ;
} e l s e {

a = 0 . 0 ;
}

20 i f ( l > 0 . 0 ) {
x /= l ;
l ∗= 2 . 0 ;
l = exp ( l ) / ( l + 1 . 0 ) ∗ 0 . 4 ;
x ∗= l ;

25 }
g l FragCo lor = vec4 (x . rgb , a ) ;

}

38 src/expcolour.h

/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2010 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 Exponent ia l co l our space conver s i on
===================================================================== ∗/

#i f n d e f EXPCOLOURH
#de f i n e EXPCOLOURH 1

10

#inc lude ” shader . h”

//======================================================================
// shader data

15 s t r u c t expco lour { s t r u c t shader shader ;
s t r u c t { GLint t ex ture ; } uniform ;
s t r u c t { i n t t ex ture ; } value ;

} ;

20 //======================================================================
// prototypes
s t r u c t expco lour ∗ e x p c o l o u r i n i t ( s t r u c t expco lour ∗ expco lour ) ;

#end i f

39 src/falsecolour.c

/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2008 ,2010 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 False Colour Shader
===================================================================== ∗/

#inc lude ” u t i l . h”
#inc lude ” f a l s e c o l o u r . h”

10 #inc lude ” f a l s e c o l o u r . f r a g . c”

//======================================================================
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// f a l s e co l ou r shader i n i t i a l i z a t i o n
s t r u c t f a l s e c o l o u r ∗ f a l s e c o l o u r i n i t ( s t r u c t f a l s e c o l o u r ∗ f a l s e c o l o u r ) {

15 i f ( ! f a l s e c o l o u r ) { re turn 0 ; }
i f ( ! s h a d e r i n i t (& f a l s e c o l o u r −>shader , 0 , f a l s e c o l o u r f r a g ) ) {

re turn 0 ;
}
i f ( ! b l u r i n i t (& f a l s e c o l o u r −>blur ) ) { re turn 0 ; }

20 shader uni form ( f a l s e c o l o u r , t ex ture ) ;
f a l s e c o l o u r −>value . t ex ture = 0 ;
glGenTextures (1 , &f a l s e c o l o u r −>t exture0 ) ;
glGenTextures (1 , &f a l s e c o l o u r −>t ex ture ) ;
g lEnable (GL TEXTURE 2D) ;

25 glBindTexture (GL TEXTURE 2D, f a l s e c o l o u r −>t exture0 ) ;
// glTexParameteri (GL TEXTURE 2D, GL TEXTURE MIN FILTER, GL LINEAR) ;
// glTexParameteri (GL TEXTURE 2D, GL TEXTURE MAG FILTER, GL LINEAR) ;

glTexParameteri (GL TEXTURE 2D, GL TEXTURE MIN FILTER, GL NEAREST) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTURE MAG FILTER, GL NEAREST) ;

30 glBindTexture (GL TEXTURE 2D, f a l s e c o l o u r −>t ex ture ) ;
// glTexParameteri (GL TEXTURE 2D, GL TEXTURE MIN FILTER, GL LINEAR) ;
// glTexParameteri (GL TEXTURE 2D, GL TEXTURE MAG FILTER, GL LINEAR) ;

glTexParameteri (GL TEXTURE 2D, GL TEXTURE MIN FILTER, GL NEAREST) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTURE MAG FILTER, GL NEAREST) ;

35 glBindTexture (GL TEXTURE 2D, 0) ;
g lD i s ab l e (GL TEXTURE 2D) ;
f a l s e c o l o u r −>width = 0 ;
f a l s e c o l o u r −>he ight = 0 ;
re turn f a l s e c o l o u r ;

40 }

//======================================================================
// f a l s e co l ou r shader reshape ca l l ba ck
void f a l s e c o l o u r r e s h a p e (

45 s t r u c t f a l s e c o l o u r ∗ f a l s e c o l o u r , i n t w, i n t h
) {

f a l s e c o l o u r −>width = roundtwo (w) ;
f a l s e c o l o u r −>he ight = roundtwo (h) ;
f a l s e c o l o u r −>blur . va lue . d [ 0 ] = 0 .5 / f a l s e c o l o u r −>width ;

50 f a l s e c o l o u r −>blur . va lue . d [ 1 ] = 0 .5 / f a l s e c o l o u r −>he ight ;
g lEnable (GL TEXTURE 2D) ;
glBindTexture (GL TEXTURE 2D, f a l s e c o l o u r −>t exture0 ) ;
glTexImage2D (GL TEXTURE 2D, 0 , GL RGBA32F ARB,

f a l s e c o l o u r −>width ∗ 2 , f a l s e c o l o u r −>he ight ∗ 2 , 0 , GL RGBA, GL FLOAT, 0
55 ) ;

glBindTexture (GL TEXTURE 2D, f a l s e c o l o u r −>t ex ture ) ;
glTexImage2D (GL TEXTURE 2D, 0 , GL RGBA32F ARB,

f a l s e c o l o u r −>width , f a l s e c o l o u r −>height , 0 , GL RGBA, GL FLOAT, 0
) ;

60 glBindTexture (GL TEXTURE 2D, 0) ;
g lD i s ab l e (GL TEXTURE 2D) ;

}

//======================================================================
65 // f a l s e co l ou r shader d i sp l ay ca l l b a ck

void f a l s e c o l o u r d i s p l a y (
s t r u c t f a l s e c o l o u r ∗ f a l s e c o l o u r , GLuint fbo , GLuint t ex ture

) {
glEnable (GL TEXTURE 2D) ;
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70 glViewport (0 , 0 , f a l s e c o l o u r −>width ∗ 2 , f a l s e c o l o u r −>he ight ∗ 2) ;
glBindTexture (GL TEXTURE 2D, t ex ture ) ;
//glBindFramebufferEXT (GL FRAMEBUFFER EXT, fbo ) ;
glFramebufferTexture2DEXT (

GL FRAMEBUFFER EXT, GL COLORATTACHMENT0 EXT, GL TEXTURE 2D,
75 f a l s e c o l o u r −>texture0 , 0

) ;
glUseProgramObjectARB ( f a l s e c o l o u r −>shader . program ) ;
shader update i ( f a l s e c o l o u r , t ex ture ) ;
glMatrixMode (GL PROJECTION) ;

80 g lLoadIdent i ty ( ) ;
gluOrtho2D (0 , 1 , 0 , 1) ;
glMatrixMode (GLMODELVIEW) ;
g lLoadIdent i ty ( ) ;
g lBeg in (GL QUADS) ; { g lCo l o r 4 f ( 1 , 1 , 1 , 1 ) ;

85 glTexCoord2f (0 , 0) ; g lVe r t ex2 f (0 , 0) ;
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 ( ) ;
90 glUseProgramObjectARB (0) ;

glBindTexture (GL TEXTURE 2D, 0) ;
// l i n e a r i n t e r p o l a t i o n
glViewport (0 , 0 , f a l s e c o l o u r −>width , f a l s e c o l o u r −>he ight ) ;
glFramebufferTexture2DEXT (

95 GL FRAMEBUFFER EXT, GL COLORATTACHMENT0 EXT, GL TEXTURE 2D,
f a l s e c o l o u r −>texture , 0

) ;
glUseProgramObjectARB ( f a l s e c o l o u r −>blur . shader . program ) ;
shader update i (&( f a l s e c o l o u r −>blur ) , t ex ture ) ;

100 shader update f2 (&( f a l s e c o l o u r −>blur ) , d ) ;
glBindTexture (GL TEXTURE 2D, f a l s e c o l o u r −>t exture0 ) ;
glMatrixMode (GL PROJECTION) ;
g lLoadIdent i ty ( ) ;
gluOrtho2D (0 , 1 , 0 , 1) ;

105 glMatrixMode (GLMODELVIEW) ;
g lLoadIdent i ty ( ) ;
g lBeg in (GL QUADS) ; { g lCo l o r 4 f ( 1 , 1 , 1 , 1 ) ;

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

110 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) ;
//glBindFramebufferEXT (GL FRAMEBUFFER EXT, 0) ;

115 glBindTexture (GL TEXTURE 2D, 0) ;
g lD i s ab l e (GL TEXTURE 2D) ;

}

//======================================================================
120 // f a l s e co l ou r shader i d l e c a l l b a ck

void f a l s e c o l o u r i d l e ( s t r u c t f a l s e c o l o u r ∗ f a l s e c o l o u r ) {
}

// EOF
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40 src/falsecolour.frag

/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2008 ,2009 ,2010 Claude Heiland −Allen <claude@mathr . co . uk>
===================================================================== ∗/

5

uniform sampler2D texture ; // U := r , V := g , other channe l s ignored

void main ( void ) {
const mat3 l c c2 rgb = mat3 ( // LC1C2 => RGB

10 1 . 0 , 1 . 407 , 0 . 0 , // co l our space
1 . 0 , −0.677 , −0.236 , // conver s i on matrix
1 . 0 , 0 . 0 , 1 .848

) ;
vec2 p = gl TexCoord [ 0 ] . s t ; // t e x e l c oo rd ina t e s

15 vec2 q ;
f l o a t u , v , h , l ;
vec3 c ;
// po int to co l ou r
q = texture2D ( texture , p ) . rg ;

20 u = 1 .0 − q . r ;
v = q . g ;
h = 16.0∗ atan (v , u) ;
l = clamp ( cos ( 16 . 0∗ ( v∗v + u∗u) ) , 0 . 0 , 1 . 0 ) ;
c = vec3 ( l , 0 .5∗ cos (h) , 0 .5∗ s i n (h) ) ;

25 g l FragCo lor = vec4 ( c ∗ l cc2rgb , 1 . 0 ) ;
}

41 src/falsecolour.h

/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2008 ,2010 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 False Colour Shader
===================================================================== ∗/

#i f n d e f FALSECOLOURH
#de f i n e FALSECOLOURH 1

10

#inc lude ” shader . h”
#inc lude ” b lur . h”

//======================================================================
15 // f a l s e co l ou r shader data

s t r u c t f a l s e c o l o u r { s t r u c t shader shader ;
s t r u c t { GLint t ex ture ; } uniform ;
s t r u c t { i n t t ex ture ; } value ;
GLuint texture0 , t ex ture ;

20 i n t width ;
i n t he ight ;
s t r u c t b lur b lur ;

} ;

25 //======================================================================
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// protoypes
s t r u c t f a l s e c o l o u r ∗ f a l s e c o l o u r i n i t ( s t r u c t f a l s e c o l o u r ∗ f a l s e c o l o u r ) ;
void f a l s e c o l o u r r e s h a p e (

s t r u c t f a l s e c o l o u r ∗ f a l s e c o l o u r , i n t w, i n t h
30 ) ;

void f a l s e c o l o u r d i s p l a y (
s t r u c t f a l s e c o l o u r ∗ f a l s e c o l o u r , GLuint fbo , GLuint t ex ture

) ;
void f a l s e c o l o u r i d l e ( s t r u c t f a l s e c o l o u r ∗ f a l s e c o l o u r ) ;

35

#end i f

42 src/font.png

43 src/fonts.c

/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2010 ,2011 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 Text bitmap f on t s
===================================================================== ∗/

#inc lude <GL/glew . h>
#inc lude ” f on t s . h”

10

extern char b i n a r y f o n t r g b a s t a r t ;

s t r u c t f on t s ∗ f o n t s i n i t ( s t r u c t f on t s ∗ f on t s ) {
f onts −> s i z e = 512 ;

15 f onts −>pack = 8 ;
glGenTextures (1 , &fonts −>t ex ture ) ;
glBindTexture (GL TEXTURE 2D, fonts −>t ex ture ) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTURE MIN FILTER, GL LINEAR) ;

69



rdex-client src/fonts.h

glTexParameteri (GL TEXTURE 2D, GL TEXTURE MAG FILTER, GL LINEAR) ;
20 glTexImage2D (GL TEXTURE 2D, 0 , GL RGBA, fonts −>s i z e , fonts −>s i z e , 0 , GL RGBA, ⤦

Ç GL UNSIGNED BYTE, & b i n a r y f o n t r g b a s t a r t ) ;
r e turn f on t s ;

}

44 src/fonts.h

/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2011 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 Text bitmap f on t s
===================================================================== ∗/

#i f n d e f FONTS H
#de f i n e FONTS H 1

10

#inc lude <GL/glew . h>

s t r u c t f on t s {
GLuint t ex ture ;

15 i n t s i z e ;
i n t pack ;

} ;

s t r u c t f on t s ∗ f o n t s i n i t ( s t r u c t f on t s ∗ f on t s ) ;
20

#end i f

45 src/gblur.c

/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2010 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 Multi− s c a l e Gaussian Blur
===================================================================== ∗/

#inc lude ” u t i l . h”
#inc lude ” gblur . h”

10 #inc lude ” gblur . f r a g . c”

//======================================================================
// i n i t i a l i z a t i o n
s t r u c t gb lur ∗ g b l u r i n i t ( s t r u c t gb lur ∗ gblur ) {

15 i f ( ! gb lur ) { re turn 0 ; }
i f ( ! s h a d e r i n i t (&gblur−>shader , 0 , g b l u r f r a g ) ) {

re turn 0 ;
}
i f ( ! e x p c o l o u r i n i t (&gblur−>expco lour ) ) {

20 re turn 0 ;
}
shader uni form ( gblur , t ex ture ) ;
shader uni form ( gblur , d ) ;
gblur−>value . t ex ture = 0 ;
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25 gblur−>value . d [ 0 ] = 0 ;
gblur−>value . d [ 1 ] = 0 ;
glGenTextures ( gblur tex max , &gblur−>t ex tu r e s [ 0 ] [ 0 ] ) ;
glGenTextures ( gblur tex max , &gblur−>t ex tu r e s [ 1 ] [ 0 ] ) ;
g lEnable (GL TEXTURE 2D) ;

30 f o r ( i n t i = 0 ; i < gblur tex max ; ++i ) {
f o r ( i n t c = 0 ; c < 2 ; ++c ) {

glBindTexture (GL TEXTURE 2D, gblur−>t ex tu r e s [ c ] [ i ] ) ;
g lTexParameteri (GL TEXTURE 2D, GL TEXTURE MIN FILTER, GL LINEAR) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTURE MAG FILTER, GL LINEAR) ;

35 glTexParameteri (GL TEXTURE 2D, GL TEXTURE WRAP S, GL CLAMP) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTUREWRAP T, GL CLAMP) ;

}
}
g lD i s ab l e (GL TEXTURE 2D) ;

40 re turn gblur ;
}

//======================================================================
// reshape ca l l ba ck

45 void gb lu r r e shape ( s t r u c t gb lur ∗ gblur , i n t w, i n t h) {
// a l l o c a t e t ex tu r e s
i n t w2 = roundtwo (w) ;
i n t h2 = roundtwo (h) ;
i n t d = w2>h2 ? w2 : h2 ;

50 gblur−>count = logtwo (d) ;
g lEnable (GL TEXTURE 2D) ;
f o r ( i n t i = 0 ; i <= gblur−>count ; ++i ) {

f o r ( i n t c = 0 ; c < 2 ; ++c ) {
glBindTexture (GL TEXTURE 2D, gblur−>t ex tu r e s [ c ] [ i ] ) ;

55 glTexImage2D (GL TEXTURE 2D, 0 , GL RGBA, 1<<i , 1<<i , 0 , GL RGBA, ⤦
Ç GL UNSIGNED BYTE, 0) ;

//glTexImage2D (GL TEXTURE 2D, 0 , GL RGBA32F ARB, 1<<i , 1<<i , 0 , GL RGBA, ⤦
Ç GL FLOAT, 0) ;

}
}
g lD i s ab l e (GL TEXTURE 2D) ;

60 }

//======================================================================
// d i sp l ay ca l l ba ck
void gb l u r d i s p l a y ( s t r u c t gb lur ∗ gblur , GLuint fbo , GLuint t ex ture ) {

65 // copy tex ture
glEnable (GL TEXTURE 2D) ;
glBindTexture (GL TEXTURE 2D, t ex ture ) ;
//glBindFramebufferEXT (GL FRAMEBUFFER EXT, fbo ) ;
glMatrixMode (GL PROJECTION) ;

70 g lLoadIdent i ty ( ) ;
gluOrtho2D (0 , 1 , 0 , 1) ;
glMatrixMode (GLMODELVIEW) ;
g lLoadIdent i ty ( ) ;
g lViewport (0 , 0 , 1<<gblur−>count , 1<<gblur−>count ) ;

75 glFramebufferTexture2DEXT (GL FRAMEBUFFER EXT, GL COLORATTACHMENT0 EXT, ⤦
Ç GL TEXTURE 2D, gblur−>t ex tu r e s [ 0 ] [ gblur−>count ] , 0) ;

glUseProgramObjectARB ( gblur−>expco lour . shader . program ) ;
shader update i (&gblur−>expcolour , t ex ture ) ;
g lBeg in (GL QUADS) ; { g lCo l o r 4 f ( 1 , 1 , 1 , 1 ) ;
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glTexCoord2f (0 , 0) ; g lVe r t ex2 f (0 , 0) ;
80 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 ( ) ;
// multi − s c a l e b lur

85 glUseProgramObjectARB ( gblur−>shader . program ) ;
f o r ( i n t i = gblur−>count − 1 ; i >= 0 ; −− i ) {

// b lur h o r i z o n t a l l y
glBindTexture (GL TEXTURE 2D, gblur−>t ex tu r e s [ 0 ] [ i +1]) ;
glMatrixMode (GL PROJECTION) ;

90 g lLoadIdent i ty ( ) ;
gluOrtho2D (0 , 1 , 0 , 1) ;
glMatrixMode (GLMODELVIEW) ;
g lLoadIdent i ty ( ) ;
g lViewport (0 , 0 , 1<<( i +1) , 1<<( i +1) ) ;

95 glFramebufferTexture2DEXT (GL FRAMEBUFFER EXT, GL COLORATTACHMENT0 EXT, ⤦
Ç GL TEXTURE 2D, gblur−>t ex tu r e s [ 1 ] [ i +1] , 0) ;

gblur−>value . d [ 0 ] = 1 .0 / (1<<( i +1) ) ;
gblur−>value . d [ 1 ] = 0 . 0 ;
shader update i ( gblur , t ex ture ) ;
shader update f2 ( gblur , d ) ;

100 g lBeg in (GL QUADS) ; { g lCo l o r 4 f ( 1 , 1 , 1 , 1 ) ;
glTexCoord2f (0 , 0) ; g lVe r t ex2 f (0 , 0) ;
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) ;

105 } glEnd ( ) ;
// b lur v e r t i c a l l y ( and downscale )
glBindTexture (GL TEXTURE 2D, gblur−>t ex tu r e s [ 1 ] [ i +1]) ;
glMatrixMode (GL PROJECTION) ;
g lLoadIdent i ty ( ) ;

110 gluOrtho2D (0 , 1 , 0 , 1) ;
glMatrixMode (GLMODELVIEW) ;
g lLoadIdent i ty ( ) ;
g lViewport (0 , 0 , 1<<i , 1<< i ) ;
glFramebufferTexture2DEXT (GL FRAMEBUFFER EXT, GL COLORATTACHMENT0 EXT, ⤦

Ç GL TEXTURE 2D, gblur−>t ex tu r e s [ 0 ] [ i ] , 0) ;
115 gblur−>value . d [ 0 ] = 0 . 0 ;

gblur−>value . d [ 1 ] = 1 .0 / (1<<( i +1) ) ;
shader update i ( gblur , t ex ture ) ;
shader update f2 ( gblur , d ) ;
g lBeg in (GL QUADS) ; { g lCo l o r 4 f ( 1 , 1 , 1 , 1 ) ;

120 glTexCoord2f (0 , 0) ; g lVe r t ex2 f (0 , 0) ;
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 ( ) ;
125 }

// c l ean up
glUseProgramObjectARB (0) ;
//glBindFramebufferEXT (GL FRAMEBUFFER EXT, 0) ;
glBindTexture (GL TEXTURE 2D, 0) ;

130 g lD i s ab l e (GL TEXTURE 2D) ;
}

// EOF
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46 src/gblur.frag

/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2010 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 Separated Gaussian Blur Shader
===================================================================== ∗/

uniform sampler2D texture ;
uniform vec2 d ;

10

// weights
const f l o a t w0 = 0.402619947 , w1 = 0.244201342 , w2 = 0.054488685 ;

void main ( void ) {
15 vec2 p = gl TexCoord [ 0 ] . s t ;

vec4 o = vec4 ( 0 . 0 , 0 . 0 , 0 . 0 , 0 . 0 ) ;
o += w2 ∗ texture2D ( texture , p − 2 .0 ∗ d) ;
o += w1 ∗ texture2D ( texture , p − d) ;
o += w0 ∗ texture2D ( texture , p ) ;

20 o += w1 ∗ texture2D ( texture , p + d) ;
o += w2 ∗ texture2D ( texture , p + 2 .0 ∗ d) ;
g l FragCo lor = o ;

}

47 src/gblur.h

/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2010 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 Multi− s c a l e Gaussian Blur
===================================================================== ∗/

#i f n d e f GBLUR H
#de f i n e GBLUR H 1

10

#inc lude ” shader . h”
#inc lude ” expco lour . h”

//======================================================================
15 // maximum number o f t ex tu r e s to a l l o c a t e (16 => 65536 x65536 max s i z e )

#de f i n e gblur tex max 16

//======================================================================
// shader data

20 s t r u c t gb lur { s t r u c t shader shader ;
s t r u c t { GLint t ex ture ; GLint d ; } uniform ;
s t r u c t { i n t t ex ture ; f l o a t d [ 2 ] ; } value ;
i n t count ;
// t ex tu r e s [ 0 ] i s b lur output

25 // t ex tu r e s [ 1 ] i s temporary
GLuint t ex tu r e s [ 2 ] [ gblur tex max ] ;
s t r u c t expco lour expco lour ;

} ;
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30 //======================================================================
// prototypes
s t r u c t gb lur ∗ g b l u r i n i t ( s t r u c t gb lur ∗ gblur ) ;
void gb lu r r e shape ( s t r u c t gb lur ∗ gblur , i n t w, i n t h) ;
void gb l u r d i s p l a y ( s t r u c t gb lur ∗ gblur , GLuint fbo , GLuint t ex ture ) ;

35

#end i f

48 src/glyph-curve-less.svg

<?xml ve r s i on =”1.0” encoding=”UTF−8” standa lone=”no”?>
<svg xmlns=”http ://www.w3 . org /2000/ svg” xmlns : x l i nk=”http ://www.w3 . org /1999/⤦

Ç x l i nk ” width=”128” he ight=”128”>
<g f i l l =”none” stroke − l i n e c ap=”round”>
<g s t r oke=”#000000” stroke −width=”8”>

5 <path d=”M 16 64 A 48 48 0 1 1 64 112” />
<path d=”M 16 64 A 24 24 0 1 1 40 88” />

</g>
<g s t r oke=”#0000 f f ” st roke −width=”4”>
<path d=”M 16 64 A 24 24 0 1 1 40 88” />

10 </g>
<g s t r oke=”#f f f f 0 0 ” stroke −width=”4”>
<path d=”M 16 64 A 48 48 0 1 1 64 112” />

</g>
<g s t r oke=”#000000” stroke −width=”8”>

15 <path d=”M 88 64 L 40 64 M 72 80 L 88 64 M 72 48 L 88 64” />
</g>
<g s t r oke=”#00 f f 0 0 ” stroke −width=”4”>
<path d=”M 88 64 L 40 64 M 72 80 L 88 64 M 72 48 L 88 64” />

</g>
20 </g>

</svg>

49 src/glyph-curve-more.svg

<?xml ve r s i on =”1.0” encoding=”UTF−8” standa lone=”no”?>
<svg xmlns=”http ://www.w3 . org /2000/ svg” xmlns : x l i nk=”http ://www.w3 . org /1999/⤦

Ç x l i nk ” width=”128” he ight=”128”>
<g f i l l =”none” stroke − l i n e c ap=”round”>
<g s t r oke=”#000000” stroke −width=”8”>

5 <path d=”M 16 64 A 48 48 0 1 1 64 112” />
<path d=”M 16 64 A 24 24 0 1 1 40 88” />

</g>
<g s t r oke=”#0000 f f ” st roke −width=”4”>
<path d=”M 16 64 A 48 48 0 1 1 64 112” />

10 </g>
<g s t r oke=”#f f f f 0 0 ” stroke −width=”4”>
<path d=”M 16 64 A 24 24 0 1 1 40 88” />

</g>
<g s t r oke=”#000000” stroke −width=”8”>

15 <path d=”M 88 64 L 40 64 M 56 80 L 40 64 M 56 48 L 40 64” />
</g>
<g s t r oke=”#00 f f 0 0 ” stroke −width=”4”>
<path d=”M 88 64 L 40 64 M 56 80 L 40 64 M 56 48 L 40 64” />

</g>
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20 </g>
</svg>

50 src/glyphs.c

/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2010 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 Sequencer g lyphs
===================================================================== ∗/

#inc lude <GL/glew . h>
#inc lude ” glyphs . h”

10

extern char b i n a r y g l y ph c u r v e l e s s r g b a s t a r t ;
extern char b ina ry g l yph cu rv e mor e r gba s t a r t ;
extern char b i n a r y g l y ph s p e e d l e s s r g b a s t a r t ;
extern char b ina ry g l yph spe ed mor e r gba s t a r t ;

15

s t r u c t g lyphs ∗ g l y p h s i n i t ( s t r u c t g lyphs ∗ glyphs ) {
glGenTextures (4 , &glyphs−>t ex tu r e s [ 0 ] ) ;
// curve l e s s
glBindTexture (GL TEXTURE 2D, glyphs−>t ex tu r e s [ s e qu en c e cu r v e l e s s ] ) ;

20 glTexParameteri (GL TEXTURE 2D, GL TEXTURE MIN FILTER, GL LINEAR) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTURE MAG FILTER, GL LINEAR) ;
glTexImage2D (GL TEXTURE 2D, 0 , GL RGBA, 128 , 128 , 0 , GL RGBA, GL UNSIGNED BYTE⤦

Ç , & b i n a r y g l y ph c u r v e l e s s r g b a s t a r t ) ;
// curve more
glBindTexture (GL TEXTURE 2D, glyphs−>t ex tu r e s [ sequence curve more ] ) ;

25 glTexParameteri (GL TEXTURE 2D, GL TEXTURE MIN FILTER, GL LINEAR) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTURE MAG FILTER, GL LINEAR) ;
glTexImage2D (GL TEXTURE 2D, 0 , GL RGBA, 128 , 128 , 0 , GL RGBA, GL UNSIGNED BYTE⤦

Ç , & b ina ry g l yph cu rv e mor e r gba s t a r t ) ;
// speed l e s s
glBindTexture (GL TEXTURE 2D, glyphs−>t ex tu r e s [ s e qu en c e s p e ed l e s s ] ) ;

30 glTexParameteri (GL TEXTURE 2D, GL TEXTURE MIN FILTER, GL LINEAR) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTURE MAG FILTER, GL LINEAR) ;
glTexImage2D (GL TEXTURE 2D, 0 , GL RGBA, 128 , 128 , 0 , GL RGBA, GL UNSIGNED BYTE⤦

Ç , & b i n a r y g l y ph s p e e d l e s s r g b a s t a r t ) ;
// speed more
glBindTexture (GL TEXTURE 2D, glyphs−>t ex tu r e s [ sequence speed more ] ) ;

35 glTexParameteri (GL TEXTURE 2D, GL TEXTURE MIN FILTER, GL LINEAR) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTURE MAG FILTER, GL LINEAR) ;
glTexImage2D (GL TEXTURE 2D, 0 , GL RGBA, 128 , 128 , 0 , GL RGBA, GL UNSIGNED BYTE⤦

Ç , & b ina ry g l yph spe ed mor e r gba s t a r t ) ;
r e turn glyphs ;

}

51 src/glyphs.h

/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2010 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 Sequencer g lyphs

75
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===================================================================== ∗/

#i f n d e f GLYPHS H
#de f i n e GLYPHS H 1

10

#inc lude <GL/glew . h>

s t r u c t g lyphs {
GLuint t ex tu r e s [ 4 ] ;

15 } ;

s t r u c t g lyphs ∗ g l y p h s i n i t ( s t r u c t g lyphs ∗ glyphs ) ;

#de f i n e s e qu en c e cu r v e l e s s 0
20 #de f i n e sequence curve more 1

#de f i n e s e qu en c e s p e ed l e s s 2
#de f i n e sequence speed more 3

#end i f

52 src/glyph-speed-less.svg

<?xml ve r s i on =”1.0” encoding=”UTF−8” standa lone=”no”?>
<svg xmlns=”http ://www.w3 . org /2000/ svg” xmlns : x l i nk=”http ://www.w3 . org /1999/⤦

Ç x l i nk ” width=”128” he ight=”128”>
<g f i l l =”none” stroke − l i n e c ap=”round”>
<g s t r oke=”#000000” stroke −width=”8”>

5 <path d=”M 24 24 L 104 24” />
<path d=”M 40 104 L 88 104” />

</g>
<g s t r oke=”#0000 f f ” st roke −width=”4”>
<path d=”M 24 24 L 104 24” />

10 </g>
<g s t r oke=”#f f f f 0 0 ” stroke −width=”4”>
<path d=”M 40 104 L 88 104” />

</g>
<g s t r oke=”#000000” stroke −width=”8”>

15 <path d=”M 64 88 L 64 40 M 80 72 L 64 88 M 48 72 L 64 88” />
</g>
<g s t r oke=”#00 f f 0 0 ” stroke −width=”4”>
<path d=”M 64 88 L 64 40 M 80 72 L 64 88 M 48 72 L 64 88” />

</g>
20 </g>

</svg>
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<?xml ve r s i on =”1.0” encoding=”UTF−8” standa lone=”no”?>
<svg xmlns=”http ://www.w3 . org /2000/ svg” xmlns : x l i nk=”http ://www.w3 . org /1999/⤦

Ç x l i nk ” width=”128” he ight=”128”>
<g f i l l =”none” stroke − l i n e c ap=”round”>
<g s t r oke=”#000000” stroke −width=”8”>

5 <path d=”M 24 24 L 104 24” />
<path d=”M 40 104 L 88 104” />

</g>
<g s t r oke=”#0000 f f ” st roke −width=”4”>
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<path d=”M 40 104 L 88 104” />
10 </g>

<g s t r oke=”#f f f f 0 0 ” stroke −width=”4”>
<path d=”M 24 24 L 104 24” />

</g>
<g s t r oke=”#000000” stroke −width=”8”>

15 <path d=”M 64 40 L 64 88 M 80 56 L 64 40 M 48 56 L 64 40” />
</g>
<g s t r oke=”#00 f f 0 0 ” stroke −width=”4”>
<path d=”M 64 40 L 64 88 M 80 56 L 64 40 M 48 56 L 64 40” />

</g>
20 </g>

</svg>

54 src/histogram.c

/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2008 ,2017 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 CPU−Based Image Histograms
===================================================================== ∗/

#inc lude ”histogram . h”

10 void h i s t og ram ca l c ( s t r u c t histogram ∗h , const s t r u c t image ∗ i ) {
f o r ( i n t r = 0 ; r < HISTOGRAMBUCKETS; ++r ) {
f o r ( i n t g = 0 ; g < HISTOGRAMBUCKETS; ++g ) {
f o r ( i n t b = 0 ; b < HISTOGRAMBUCKETS; ++b) {

h−>bucket [ r ] [ g ] [ b ] = 0 ;
15 }

}
}
f o r ( i n t y = 0 ; y < i−>he ight ; ++y) {
f o r ( i n t x = 0 ; x < i−>width ; ++x) {

20 i n t r = HISTOGRAMBUCKETS ∗ I ( i , x , y , 0 ) ;
i n t g = HISTOGRAMBUCKETS ∗ I ( i , x , y , 1 ) ;
i n t b = HISTOGRAMBUCKETS ∗ I ( i , x , y , 2 ) ;
i f ( r < 0) r = 0 ;
i f ( r >= HISTOGRAMBUCKETS) r = HISTOGRAMBUCKETS − 1 ;

25 i f ( g < 0) g = 0 ;
i f ( g >= HISTOGRAMBUCKETS) g = HISTOGRAMBUCKETS − 1 ;
i f (b < 0) b = 0 ;
i f (b >= HISTOGRAMBUCKETS) b = HISTOGRAMBUCKETS − 1 ;
h−>bucket [ r ] [ g ] [ b ] += 1 ;

30 }
}
f l o a t p i x e l s = i−>width ∗ i−>he ight ;
f o r ( i n t r = 0 ; r < HISTOGRAMBUCKETS; ++r ) {
f o r ( i n t g = 0 ; g < HISTOGRAMBUCKETS; ++g ) {

35 f o r ( i n t b = 0 ; b < HISTOGRAMBUCKETS; ++b) {
h−>bucket [ r ] [ g ] [ b ] /= p i x e l s ;

}
}
}

40 }
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55 src/histogram.h

/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2008 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 CPU−Based Image Histograms
===================================================================== ∗/

#i f n d e f HISTOGRAMH
#de f i n e HISTOGRAMH 1

10

#inc lude ” image . h”

#de f i n e HISTOGRAMBUCKETS 8
s t r u c t histogram {

15 f l o a t bucket [HISTOGRAMBUCKETS] [HISTOGRAMBUCKETS] [HISTOGRAMBUCKETS] ;
} ;

void h i s t og ram ca l c ( s t r u c t histogram ∗ h , const s t r u c t image ∗ i ) ;

20 #end i f

56 src/image.c

/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2008 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 CPU−Based Images
===================================================================== ∗/

#inc lude <s t d l i b . h>
#inc lude <GL/glew . h>

10 #inc lude ” image . h”

s t r u c t image ∗ image a l l o c ( i n t width , i n t height , i n t channe l s ) {
s t r u c t image ∗ image =

mal loc ( s i z e o f ( s t r u c t image ) + width∗ he ight ∗ channe l s ∗ s i z e o f ( f l o a t ) ) ;
15 i f ( ! image ) { re turn 0 ; }

image−>width = width ;
image−>he ight = he ight ;
image−>channe l s = channe l s ;
image−>data = ( f l o a t ∗) ( image+1) ;

20 re turn image ;
}

void image f r e e ( s t r u c t image ∗ image ) {
f r e e ( image ) ;

25 }

void image copytexture ( s t r u c t image ∗ image , GLuint t ex ture ) {
glBindTexture (GL TEXTURE 2D, t ex ture ) ;
glGetTexImage (GL TEXTURE 2D, 0 , GL RGB, GL FLOAT, image−>data ) ; // FIXME check⤦

Ç data i s b ig enough f o r the image ! ! ! !
30 }
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57 src/image.h

/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2008 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 CPU−Based Images
===================================================================== ∗/

#i f n d e f IMAGE H
#de f i n e IMAGE H 1

10

#inc lude <GL/glew . h>

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

15 i n t he ight ;
i n t channe l s ;
f l o a t ∗data ;

} ;

20 #de f i n e I ( i , x , y , z ) ( ( i )−>data [ ( i )−>channe l s ∗ ( ( i )−>width ∗( y )+(x ) )+(z ) ] )

s t r u c t image ∗ image a l l o c ( i n t width , i n t height , i n t channe l s ) ;
void image f r e e ( s t r u c t image ∗ image ) ;
void image copytexture ( s t r u c t image ∗ image , GLuint t ex ture ) ;

25

#end i f

58 src/interleave31.c

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

i n t main ( i n t argc , char ∗∗ argv ) {
5 i f ( argc != 4) {

re turn 1 ;
}
i n t d = a to i ( argv [ 3 ] ) ;
FILE ∗ in3 = fopen ( argv [ 1 ] , ” rb ”) ;

10 i f ( in3 ) {
FILE ∗ in1 = fopen ( argv [ 2 ] , ” rb ”) ;
i f ( in1 ) {

f o r ( i n t i = 0 ; i < d∗d ; ++i ) {
putchar ( getc ( in3 ) ) ;

15 putchar ( getc ( in3 ) ) ;
putchar ( getc ( in3 ) ) ;
putchar ( getc ( in1 ) ) ;

}
f c l o s e ( in1 ) ;

20 } e l s e {
re turn 1 ;

}
f c l o s e ( in3 ) ;

} e l s e {
25 re turn 1 ;
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}
re turn 0 ;

}

59 src/intro.c

/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2010 ,2011 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 In t ro module
===================================================================== ∗/

#inc lude <math . h>
#inc lude <GL/glew . h>

10 #inc lude <GL/ g lu t . h>
#inc lude ” i n t r o . h”

extern char b i n a r y i n t r o imag e r gb a s t a r t ;

15 s t r u c t i n t r o ∗ i n t r o i n i t ( s t r u c t i n t r o ∗ i n t r o ) {
glGenTextures (1 , &int ro −>tex ) ;
g lEnable (GL TEXTURE 2D) ;
glBindTexture (GL TEXTURE 2D, int ro −>tex ) ;
glTexImage2D (GL TEXTURE 2D, 0 , GL RGBA, INTRO IMAGE SIZE , INTRO IMAGE SIZE , 0 ,⤦

Ç GL RGBA, GL UNSIGNED BYTE, & b i n a r y i n t r o imag e r gb a s t a r t ) ;
20 glTexParameteri (GL TEXTURE 2D, GL TEXTURE MIN FILTER, GL LINEAR) ;

glTexParameteri (GL TEXTURE 2D, GL TEXTURE MAG FILTER, GL LINEAR) ;
glBindTexture (GL TEXTURE 2D, 0) ;
g lD i s ab l e (GL TEXTURE 2D) ;
in t ro −>s t a t e = i n t r o i d l e ;

25 i n t ro −>phase = 0 ;
re turn i n t r o ;

}

void i n t r o r e shap e ( s t r u c t i n t r o ∗ i n t ro , i n t w, i n t h) {
30 i n t ro −>width = w;

int ro −>he ight = h ;
}

void i n t r o d i s p l a y ( s t r u c t i n t r o ∗ i n t ro , double dt ) { /∗ FIXME aspect r a t i o ? ∗/
35 glBindFramebufferEXT (GL FRAMEBUFFER EXT, 0) ;

switch ( in t ro −>s t a t e ) {
case i n t r o i d l e :
case i n t r o a c t i v e :

in t ro −>rx = 0 ; //32 . 0 ∗ exp ( −32.0 ∗ ( in t ro −>phase ∗ i n t ro −>phase ) / (⤦
Ç INTRO TIME ∗ INTRO TIME) ) ;

40 i n t ro −>ry = 0 ; //32 . 0 ∗ exp ( −16.0 ∗ ( in t ro −>phase ∗ i n t ro −>phase ) / (⤦
Ç INTRO TIME ∗ INTRO TIME) ) ;

glMatrixMode (GL PROJECTION) ;
g lLoadIdent i ty ( ) ;
g lViewport (0 , 0 , in t ro −>width , in t ro −>he ight ) ;
gluOrtho2D (0 , 1 , 0 , 1) ;

45 glMatrixMode (GLMODELVIEW) ;
g lC l ea r (GL COLOR BUFFER BIT | GL DEPTH BUFFER BIT) ;
g lEnable (GL TEXTURE 2D) ;
glBindTexture (GL TEXTURE 2D, int ro −>tex ) ;
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g lBeg in (GL QUADS) ; {
50 g lCo l o r 4 f ( 1 , 1 , 1 , 1 ) ;

glTexCoord2f (0+ int ro −>rx , 1+int ro −>ry ) ; g lVer t ex2 f (0 , 0) ;
glTexCoord2f (0+ int ro −>rx , 0+int ro −>ry ) ; g lVer t ex2 f (0 , 1) ;
glTexCoord2f (1+ int ro −>rx , 0+int ro −>ry ) ; g lVer t ex2 f (1 , 1) ;
glTexCoord2f (1+ int ro −>rx , 1+int ro −>ry ) ; g lVer t ex2 f (1 , 0) ;

55 } glEnd ( ) ;
g lD i s ab l e (GL TEXTURE 2D) ;
i f ( in t ro −>s t a t e == i n t r o a c t i v e ) {

i n t ro −>phase += dt ;
i f ( ! ( in t ro −>phase < INTRO TIME) ) {

60 i n t ro −>s t a t e = in t ro done ;
in t ro −>phase = 0 ;

}
}
break ;

65 de f au l t :
break ;

}
}

70 void i n t r o s t a r t ( s t r u c t i n t r o ∗ i n t r o ) {
i f ( in t ro −>s t a t e == i n t r o i d l e ) {

i n t ro −>s t a t e = i n t r o a c t i v e ;
in t ro −>phase = 0 ;

}
75 }

60 src/intro.h

/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2010 ,2011 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 In t ro module
===================================================================== ∗/

#i f n d e f INTRO H
#de f i n e INTRO H 1

10

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

#de f i n e INTRO TIME 5.0
15 #de f i n e INTRO IMAGE SIZE 1024

s t r u c t i n t r o {
GLuint tex ;
i n t width ;

20 i n t he ight ;
enum { i n t r o i d l e , i n t r o a c t i v e , i n t ro done } s t a t e ;
double phase ;
double rx ;
double ry ;

25 } ;

s t r u c t i n t r o ∗ i n t r o i n i t ( s t r u c t i n t r o ∗ i n t r o ) ;
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void i n t r o r e shap e ( s t r u c t i n t r o ∗ i n t ro , i n t w, i n t h) ;
void i n t r o d i s p l a y ( s t r u c t i n t r o ∗ i n t ro , double dt ) ;

30 void i n t r o s t a r t ( s t r u c t i n t r o ∗ i n t r o ) ;

#end i f

61 src/intro-image.png
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/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2008 ,2009 ,2010 ,2011 ,2019 Claude Heiland −Allen <claude@mathr . co . uk⤦

Ç >
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 Library Module
===================================================================== ∗/

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

10 #inc lude <s t d l i b . h>
#inc lude <s t r i n g . h>
#inc lude <wordexp . h>
#inc lude <math . h>
#inc lude ” l i b r a r y . h”

15 #inc lude ”background . h”
#inc lude ” rdex . h”

s t a t i c void l i b r a r y c o py t e x t u r e t o a r r a y ( s t r u c t l i b r a r y ∗ l i b r a ry , i n t l a y e r ) {
glBindTexture (GL TEXTURE 2D, l i b r a ry −>t ex ture ) ;

20 glBindTexture (GL TEXTURE 2D ARRAY, l i b r a ry −>t e x tu r e a r r ay ) ;
g lB indBuf f e r (GL PIXEL PACK BUFFER, l i b r a ry −>pbo ) ;
g lB indBuf f e r (GL PIXEL UNPACK BUFFER, l i b r a r y −>pbo ) ;
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f o r ( i n t l e v e l = 0 , s i z e = l i b r a r y t e x s i z e ; s i z e > 0 ; l e v e l += 1 , s i z e >>= 1)⤦
Ç {

glGetTexImage (GL TEXTURE 2D, l e v e l , GL RGB, GL UNSIGNED BYTE, 0) ;
25 glTexSubImage3D (GL TEXTURE 2D ARRAY, l e v e l , 0 , 0 , l ayer , s i z e , s i z e , 1 , ⤦

Ç GL RGB, GL UNSIGNED BYTE, 0) ;
}
g lB indBuf f e r (GL PIXEL PACK BUFFER, 0) ;
g lB indBuf f e r (GL PIXEL UNPACK BUFFER, 0) ;

}
30

// f i nd index to i n s e r t at
i n t l i b r a r y i n d e x ( s t r u c t l i b r a r y ∗ l i b r a ry , f l o a t s co r e ) {

i f ( l i b r a ry −>count == l i b r a r y t e x l a y e r s ) {
f l o a t minscore = sco r e ;

35 i n t minindex = −1;
f o r ( i n t j = 0 ; j < l i b r a r y t e x l a y e r s ; ++j ) {

i f ( l i b r a ry −>array [ j ] . s c o r e <= minscore ) {
minscore = l i b r a ry −>array [ j ] . s c o r e ;
minindex = j ;

40 }
}
re turn minindex ;

} e l s e {
re turn l i b r a ry −>count++;

45 }
}

// pick a random point weighted by s co r e
i n t l i b r a r y p i c k ( s t r u c t l i b r a r y ∗ l i b r a ry , f l o a t ∗ru , f l o a t ∗ rv , f l o a t ∗ f , f l o a t ⤦

Ç ∗k , f l o a t randomness ) {
50 double p = randomness ∗ l i b r a ry −>s c o r e ∗ ( rand ( ) / ( double ) RANDMAX) ;

double s = 0 . 0 ;
f o r ( i n t i = 0 ; i < l i b r a ry −>count ; ++i ) {

s += l i b r a ry −>array [ i ] . s c o r e ;
i f (p <= s ) {

55 ∗ ru = l i b r a ry −>array [ i ] . v [ 0 ] ;
∗ rv = l i b r a ry −>array [ i ] . v [ 1 ] ;
∗ f = l i b r a ry −>array [ i ] . v [ 2 ] ;
∗k = l i b r a ry −>array [ i ] . v [ 3 ] ;
r e turn 0 ;

60 }
}
re turn 1 ;

}

65 s t r u c t l i b r a r y ∗ l i b r a r y i n i t ( s t r u c t l i b r a r y ∗ l i b r a ry , GLuint fbo ) {
i f ( ! l i b r a r y ) { re turn 0 ; }
i f ( ! borderwindow in i t (& l i b r a ry −>borderwindow ) ) { re turn 0 ; }
i f ( ! bo rde rw indow p ick in i t (& l i b r a ry −>borderwindow pick ) ) { re turn 0 ; }
i f ( ! wo r l d s ph e r e i n i t (& l i b r a ry −>worldsphere ) ) { re turn 0 ; }

70 i f ( ! b l u r i n i t (& l i b r a ry −>blur ) ) { re turn 0 ; }
// i f ( ! b l oom in i t (& l i b r a ry −>bloom ) ) { re turn 0 ; }
l i b r a ry −>count = 0 ;
l i b r a ry −>frame = 0 ;
camera in i t (& l i b r a ry −>camera ) ;

75 l i b r a ry −>width = 1 ;
l i b r a ry −>he ight = 1 ;
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l i b r a ry −>mousex = −1;
l i b r a ry −>mousey = −1;
l i b r a ry −>picked = −1;

80 l i b r a ry −>hover = −1;
l i b r a ry −>snap = 0 ;
l i b r a ry −>s e s s i o n = getenv (”RDEX SESSION”) ;
i f ( ! l i b r a ry −>s e s s i o n ) { l i b r a ry −>s e s s i o n = ” . ” ; }
background in i t (& l i b r a ry −>background , l i b r a ry −>s e s s i o n ) ; //FIXME −− cu r l ⤦

Ç g l oba l i n i t must be be f o r e any threads are c r ea ted
85 { // a l l o c a t e t ex ture array

glGenTextures (1 , &l i b r a ry −>t e x tu r e a r r ay ) ;
glBindTexture (GL TEXTURE 2D ARRAY, l i b r a ry −>t e x tu r e a r r ay ) ;
glTexParameteri (GL TEXTURE 2D ARRAY, GL TEXTURE MIN FILTER, ⤦

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

90 s i z e t bytes = l i b r a r y t e x l a y e r s ∗ l i b r a r y t e x s i z e ∗ l i b r a r y t e x s i z e ∗ 3 ;
char ∗white = mal loc ( bytes ) ;
memset ( white , 255 , bytes ) ;
glTexImage3D (

GL TEXTURE 2D ARRAY, 0 , GL RGB,
95 l i b r a r y t e x s i z e , l i b r a r y t e x s i z e , l i b r a r y t e x l a y e r s , 0 ,

GL RGB, GL UNSIGNED BYTE, white
) ;
glGenerateMipmap (GL TEXTURE 2D ARRAY) ;
// a l l o c a t e p i x e l bu f f e r

100 g lGenBuf fers (1 , &l i b r a ry −>pbo ) ;
g lB indBuf f e r (GL PIXEL PACK BUFFER, l i b r a ry −>pbo ) ;
g lBuf fe rData (GL PIXEL PACK BUFFER, l i b r a r y t e x s i z e ∗ l i b r a r y t e x s i z e ∗ 4 , ⤦

Ç 0 , GL DYNAMIC COPY) ;
g lB indBuf f e r (GL PIXEL PACK BUFFER, 0) ;
// a l l o c a t e t ex ture

105 glEnable (GL TEXTURE 2D) ;
glGenTextures (1 , &l i b r a ry −>t ex ture ) ;
glBindTexture (GL TEXTURE 2D, l i b r a ry −>t ex ture ) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTURE MIN FILTER, ⤦

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

110 glTexImage2D (
GL TEXTURE 2D, 0 , GL RGB,
l i b r a r y t e x s i z e , l i b r a r y t e x s i z e , 0 ,
GL RGB, GL UNSIGNED BYTE, white

) ;
115 glGenerateMipmap (GL TEXTURE 2D) ;

f r e e ( white ) ;
}
l i b r a ry −>s t a t e = l i b r a r y s t a t e i d l e ;
l i b r a ry −>phase = 0 ;

120 l i b r a ry −>loaded = 0 ;
re turn l i b r a r y ;

}

void l i b r a r y i n s e r t (
125 s t r u c t l i b r a r y ∗ l i b r a ry ,

GLfloat ru , GLfloat rv , GLfloat f , GLfloat k , i n t index , GLfloat s co r e
) {

a s s e r t (0 <= index && index < l i b r a ry −>count ) ;
// remove o ld element ’ s s t a t s
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130 l i b r a ry −>s c o r e −= l ib r a ry −>array [ index ] . s c o r e ;
l i b r a ry −>s co r e2 −= l ib r a ry −>array [ index ] . s c o r e ∗ l i b r a ry −>array [ index ] . s c o r e ;
l i b r a ry −>s co rev [ 0 ] −= l ib r a ry −>array [ index ] . s c o r e ∗ l i b r a ry −>array [ index ] . v⤦

Ç [ 0 ] ;
l i b r a ry −>s co rev [ 1 ] −= l ib r a ry −>array [ index ] . s c o r e ∗ l i b r a ry −>array [ index ] . v⤦

Ç [ 1 ] ;
l i b r a ry −>s co rev [ 2 ] −= l ib r a ry −>array [ index ] . s c o r e ∗ l i b r a ry −>array [ index ] . v⤦

Ç [ 2 ] ;
135 l i b r a ry −>s co rev [ 3 ] −= l ib r a ry −>array [ index ] . s c o r e ∗ l i b r a ry −>array [ index ] . v⤦

Ç [ 3 ] ;
l i b r a ry −>scorev2 [ 0 ] −= l ib r a ry −>array [ index ] . s c o r e ∗ l i b r a ry −>array [ index ] . v⤦

Ç [ 0 ] ∗ l i b r a ry −>array [ index ] . v [ 0 ] ;
l i b r a ry −>scorev2 [ 1 ] −= l ib r a ry −>array [ index ] . s c o r e ∗ l i b r a ry −>array [ index ] . v⤦

Ç [ 1 ] ∗ l i b r a ry −>array [ index ] . v [ 1 ] ;
l i b r a ry −>scorev2 [ 2 ] −= l ib r a ry −>array [ index ] . s c o r e ∗ l i b r a ry −>array [ index ] . v⤦

Ç [ 2 ] ∗ l i b r a ry −>array [ index ] . v [ 2 ] ;
l i b r a ry −>scorev2 [ 3 ] −= l ib r a ry −>array [ index ] . s c o r e ∗ l i b r a ry −>array [ index ] . v⤦

Ç [ 3 ] ∗ l i b r a ry −>array [ index ] . v [ 3 ] ;
140 // f i l l e lement

l i b r a ry −>array [ index ] . s c o r e = sco r e ;
l i b r a ry −>array [ index ] . v [ 0 ] = ru ;
l i b r a ry −>array [ index ] . v [ 1 ] = rv ;
l i b r a ry −>array [ index ] . v [ 2 ] = f ;

145 l i b r a ry −>array [ index ] . v [ 3 ] = k ;
l i b r a ry −>array [ index ] . sp in [ 0 ] = 0 ;
l i b r a ry −>array [ index ] . sp in [ 1 ] = 0 ;
l i b r a ry −>array [ index ] . dspin [ 0 ] = ( rand ( ) / ( double ) RANDMAX − 0 . 5 ) / 3 2 . 0 ;
l i b r a ry −>array [ index ] . dspin [ 1 ] = ( rand ( ) / ( double ) RANDMAX − 0 . 5 ) / 3 2 . 0 ;

150 // add new element ’ s s t a t s
l i b r a ry −>s c o r e += l i b r a ry −>array [ index ] . s c o r e ;
l i b r a ry −>s co r e2 += l i b r a ry −>array [ index ] . s c o r e ∗ l i b r a ry −>array [ index ] . s c o r e ;
l i b r a ry −>s co rev [ 0 ] += l i b r a ry −>array [ index ] . s c o r e ∗ l i b r a ry −>array [ index ] . v⤦

Ç [ 0 ] ;
l i b r a ry −>s corev [ 1 ] += l i b r a ry −>array [ index ] . s c o r e ∗ l i b r a ry −>array [ index ] . v⤦

Ç [ 1 ] ;
155 l i b r a ry −>s corev [ 2 ] += l i b r a ry −>array [ index ] . s c o r e ∗ l i b r a ry −>array [ index ] . v⤦

Ç [ 2 ] ;
l i b r a ry −>s corev [ 3 ] += l i b r a ry −>array [ index ] . s c o r e ∗ l i b r a ry −>array [ index ] . v⤦

Ç [ 3 ] ;
l i b r a ry −>scorev2 [ 0 ] += l i b r a ry −>array [ index ] . s c o r e ∗ l i b r a ry −>array [ index ] . v⤦

Ç [ 0 ] ∗ l i b r a ry −>array [ index ] . v [ 0 ] ;
l i b r a ry −>scorev2 [ 1 ] += l i b r a ry −>array [ index ] . s c o r e ∗ l i b r a ry −>array [ index ] . v⤦

Ç [ 1 ] ∗ l i b r a ry −>array [ index ] . v [ 1 ] ;
l i b r a ry −>scorev2 [ 2 ] += l i b r a ry −>array [ index ] . s c o r e ∗ l i b r a ry −>array [ index ] . v⤦

Ç [ 2 ] ∗ l i b r a ry −>array [ index ] . v [ 2 ] ;
160 l i b r a ry −>scorev2 [ 3 ] += l i b r a ry −>array [ index ] . s c o r e ∗ l i b r a ry −>array [ index ] . v⤦

Ç [ 3 ] ∗ l i b r a ry −>array [ index ] . v [ 3 ] ;
// compute s t a t s
l i b r a ry −>stddev [ 0 ] = sq r t ( ( l i b r a ry −>scorev2 [ 0 ] ∗ l i b r a ry −>s c o r e − l i b r a ry −>⤦

Ç s corev [ 0 ] ∗ l i b r a ry −>s corev [ 0 ] ) / ( l i b r a ry −>s c o r e ∗ l i b r a ry −>s c o r e − ⤦
Ç l i b r a ry −>s co r e2 ) ) ;

l i b r a ry −>stddev [ 1 ] = sq r t ( ( l i b r a ry −>scorev2 [ 1 ] ∗ l i b r a ry −>s c o r e − l i b r a ry −>⤦
Ç s corev [ 1 ] ∗ l i b r a ry −>s corev [ 1 ] ) / ( l i b r a ry −>s c o r e ∗ l i b r a ry −>s c o r e − ⤦
Ç l i b r a ry −>s co r e2 ) ) ;

l i b r a ry −>stddev [ 2 ] = sq r t ( ( l i b r a ry −>scorev2 [ 2 ] ∗ l i b r a ry −>s c o r e − l i b r a ry −>⤦
Ç s corev [ 2 ] ∗ l i b r a ry −>s corev [ 2 ] ) / ( l i b r a ry −>s c o r e ∗ l i b r a ry −>s c o r e − ⤦
Ç l i b r a ry −>s co r e2 ) ) ;
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165 l i b r a ry −>stddev [ 3 ] = sq r t ( ( l i b r a ry −>scorev2 [ 3 ] ∗ l i b r a ry −>s c o r e − l i b r a ry −>⤦
Ç s corev [ 3 ] ∗ l i b r a ry −>s corev [ 3 ] ) / ( l i b r a ry −>s c o r e ∗ l i b r a ry −>s c o r e − ⤦
Ç l i b r a ry −>s co r e2 ) ) ;

}

void l ib rary add image ( s t r u c t l i b r a r y ∗ l i b r a ry , GLuint fbo , GLuint t , i n t index ) ⤦
Ç {

glEnable (GL TEXTURE 2D) ;
170 g lD i s ab l e (GL DEPTH TEST) ;

glMatrixMode (GL PROJECTION) ;
g lLoadIdent i ty ( ) ;
g lViewport (0 , 0 , l i b r a r y t e x s i z e , l i b r a r y t e x s i z e ) ;
gluOrtho2D (0 , 1 , 0 , 1) ;

175 glMatrixMode (GLMODELVIEW) ;
g lLoadIdent i ty ( ) ;
glBindFramebufferEXT (GL FRAMEBUFFER EXT, fbo ) ;
// combine
glFramebufferTexture2DEXT (GL FRAMEBUFFER EXT, GL COLORATTACHMENT0 EXT, ⤦

Ç GL TEXTURE 2D, l i b r a ry −>texture , 0) ;
180 // packed tex ture

glBindTexture (GL TEXTURE 2D, t ) ;
g lBeg in (GL QUADS) ; {

g lCo l o r 4 f ( 1 , 1 , 1 , 1 ) ;
glTexCoord2f (0 , 0) ; g lVe r t ex2 f (0 , 0) ;

185 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 ( ) ;
glBindFramebufferEXT (GL FRAMEBUFFER EXT, 0) ;

190 glBindTexture (GL TEXTURE 2D, l i b r a ry −>t ex ture ) ;
glGenerateMipmap (GL TEXTURE 2D) ;
l i b r a r y c o py t e x t u r e t o a r r a y ( l i b r a ry , index ) ;
glBindTexture (GL TEXTURE 2D, 0) ;

}
195

i n t l i b r a r y l o a d ( s t r u c t l i b r a r y ∗ l i b r a ry , GLuint fbo ) {
glEnable (GL TEXTURE 2D) ;
/∗ temporary t ex ture f o r l oad ing ∗/
GLuint t ;

200 glGenTextures (1 , &t ) ;
glBindTexture (GL TEXTURE 2D, t ) ;

// glTexParameteri (GL TEXTURE 2D, GL TEXTURE MIN FILTER, GL LINEAR) ;
// glTexParameteri (GL TEXTURE 2D, GL TEXTURE MAG FILTER, GL LINEAR) ;

glTexParameteri (GL TEXTURE 2D, GL TEXTURE MIN FILTER, GL NEAREST) ;
205 glTexParameteri (GL TEXTURE 2D, GL TEXTURE MAG FILTER, GL NEAREST) ;

wordexp t p ;
const char ∗ pattern2 = ”/ ru ∗ r v ∗ f ∗ k ∗ s ∗ .ppm” ;
i n t pa t t e rn l en = s t r l e n ( l i b r a r y −>s e s s i o n ) + s t r l e n ( pattern2 ) + 1 ;
char ∗ pattern = mal loc ( pa t t e rn l en ) ;

210 s np r i n t f ( pattern , pat te rn l en , ”%s%s ” , l i b r a ry −>s e s s i on , pattern2 ) ;
i f (0 == wordexp ( pattern , &p , WRDENOCMD | WRDESHOWERR | WRDEUNDEF) ) {

char sru [ 9 ] ; char s rv [ 9 ] ; char s f [ 9 ] ; char sk [ 9 ] ; char s s [ 9 ] ;
f o r ( i n t i = 0 ; i < p . we wordc ; ++i ) {

i n t l = s t r l e n (p . we wordv [ i ] ) ;
215 const char ∗ pattern3 = ” ru %8c r v %8c f %8c k %8c s %8c .ppm” ;

const i n t expectLen = 3 + 8 + 5 + 8 + 4 + 8 + 4 + 8 + 4 + 8 + 4 ;
i f (
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l >= expectLen &&
5 == s s can f (p . we wordv [ i ] + l − expectLen , pattern3 , sru , srv , s f , sk , ⤦

Ç s s )
220 ) {

sru [ 8 ] = ’\0 ’ ; s rv [ 8 ] = ’\0 ’ ; s f [ 8 ] = ’\0 ’ ; sk [ 8 ] = ’\0 ’ ; s s [ 8 ] = ’\0 ’ ;
double ru , rv , f , k , s ;
i n t b s i z e = r d e x t e x s i z e ∗ r d e x t e x s i z e ∗ 3 ;
char bu f f e r [ r d e x t e x s i z e ∗ r d e x t e x s i z e ∗ 3 ] ;

225 i f (1 != s s c an f ( sru , ”%lg ” , &ru ) ) { break ; }
i f (1 != s s c an f ( srv , ”%lg ” , &rv ) ) { break ; }
i f (1 != s s c an f ( s f , ”%lg ” , &f ) ) { break ; }
i f (1 != s s c an f ( sk , ”%lg ” , &k ) ) { break ; }
i f (1 != s s c an f ( ss , ”%lg ” , &s ) ) { break ; }

230 FILE ∗ image = fopen (p . we wordv [ i ] , ” rb ”) ;
i f ( ! image ) { break ; }
f s e e k ( image , −bs i ze , SEEK END) ;
i f ( f r ead ( bu f f e r , bs i ze , 1 , image ) != 1) {

f p r i n t f ( s tde r r , ”warning : f a i l e d to read image ?\n”) ;
235 }

f c l o s e ( image ) ;
glBindTexture (GL TEXTURE 2D, t ) ;
glTexImage2D (

GL TEXTURE 2D, 0 , GL RGB,
240 r d e x t e x s i z e , r d e x t e x s i z e , 0 ,

GL RGB, GL UNSIGNED BYTE, bu f f e r
) ;
i n t index = l i b r a r y i n d e x ( l i b r a ry , s ) ;
i f ( index >= 0) {

245 l i b ra ry add image ( l i b r a ry , fbo , t , index ) ;
l i b r a r y i n s e r t ( l i b r a ry , ru , rv , f , k , index , s ) ;

}
}

}
250 wordfree (&p) ;

}
f r e e ( pattern ) ;
g lDe l e t eTexture s (1 , &t ) ;
g lD i s ab l e (GL TEXTURE 2D) ;

255 re turn 1 ;
}

void l i b r a r y d i s p l a y s a v e (
s t r u c t l i b r a r y ∗ l i b r a ry , GLuint fbo , GLuint texture , GLuint rawtexture ,

260 double ru , double rv , double f , double k , double score , const char ∗behaviour
) {

l i b r a ry −>t a r g e t . v [ 0 ] = ru ;
l i b r a ry −>t a r g e t . v [ 1 ] = rv ;
l i b r a ry −>t a r g e t . v [ 2 ] = f ;

265 l i b r a ry −>t a r g e t . v [ 3 ] = k ;
// capture to l i b r a r y
i f ( ! l i b r a ry −>snap ) { re turn ; }
l i b r a ry −>snap = 0 ;
i n t index = l i b r a r y i n d e x ( l i b r a ry , s co r e ) ;

270 i f ( index < 0) {
re turn ;

}
// downscale part o f the o r i g i n a l t ex ture in to the new texture
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glEnable (GL TEXTURE 2D) ;
275 l i b ra ry add image ( l i b r a ry , fbo , texture , index ) ;

/∗
// copy thumbnail t ex ture to main memory as 1−byte data
char ∗thumb ppm = malloc ( l i b r a r y t e x s i z e ∗ l i b r a r y t e x s i z e ∗ 3 + 1024) ;
i n t thumb ppm bytes ;

280 thumb ppm bytes = snp r i n t f ( thumb ppm , 1000 , ”P6\n%d %d 255\n” , ⤦
Ç l i b r a r y t e x s i z e , l i b r a r y t e x s i z e ) ;

g lReadPixe l s ( ( index % l i b r a r y pa ck ) ∗ l i b r a r y t e x s i z e , ( index / l i b r a r y pa ck )⤦
Ç ∗ l i b r a r y t e x s i z e , l i b r a r y t e x s i z e , l i b r a r y t e x s i z e , GL RGB, ⤦
Ç GL UNSIGNED BYTE, thumb ppm + thumb ppm bytes ) ;

thumb ppm bytes += l i b r a r y t e x s i z e ∗ l i b r a r y t e x s i z e ∗ 3 ;
∗/

//glBindFramebufferEXT (GL FRAMEBUFFER EXT, 0) ;
285 // copy o r i g i n a l t ex ture to main memory as 1−byte data

char ∗ fu l l ppm = malloc ( r d e x t e x s i z e ∗ r d e x t e x s i z e ∗ 3 + 1024) ;
i n t fu l l ppm byte s ;
f u l l ppm byte s = snp r i n t f ( ful l ppm , 1000 , ”P6\n%d %d 255\n” , r d e x t e x s i z e , ⤦

Ç r d e x t e x s i z e ) ;
glBindTexture (GL TEXTURE 2D, t ex ture ) ;

290 glGetTexImage (GL TEXTURE 2D, 0 , GL RGB, GL UNSIGNED BYTE, fu l l ppm + ⤦
Ç f u l l ppm byte s ) ;

f u l l ppm byte s += rd e x t e x s i z e ∗ r d e x t e x s i z e ∗ 3 ;
// copy o r i g i n a l raw texture to main memory as f l o a t data
s t r u c t image ∗ raw image = image a l l o c ( r d e x t e x s i z e , r d e x t e x s i z e , 3) ;
image copytexture ( raw image , rawtexture ) ;

295 // copy o r i g i n a l t ex ture to main memory as f l o a t data
s t r u c t image ∗ f u l l imag e = image a l l o c ( r d e x t e x s i z e , r d e x t e x s i z e , 3) ;
image copytexture ( f u l l image , t ex ture ) ;
// pass a l l the se images to the background thread , which w i l l f r e e them
background enqueue(& l i b r a ry −>background , ru , rv , f , k , score , behaviour ,

300 /∗thumb ppm , thumb ppm bytes ,∗/ ful l ppm , fu l l ppm bytes , raw image , ⤦
Ç f u l l imag e ) ;

// s t o r e in the l i b r a r y
l i b r a r y i n s e r t ( l i b r a ry , ru , rv , f , k , index , s co r e ) ;
g lD i s ab l e (GL TEXTURE 2D) ;

}
305

void l i b r a r y r e s h ap e ( s t r u c t l i b r a r y ∗ l i b r a ry , i n t w, i n t h) {
l i b r a ry −>width = w;
l i b r a ry −>he ight = h ;

// bloom reshape(& l i b r a ry −>bloom , 1024 , 1024) ; // FIXME hardcoded
310 }

void l i b r a r y d i s p l a y ( s t r u c t l i b r a r y ∗ l i b r a ry , GLuint fbo , GLuint t ex ture ) {
switch ( l i b r a ry −>s t a t e ) {

case l i b r a r y s t a t e i n t r o :
315 i f ( ! l i b r a ry −>loaded ) {

l i b r a r y l o a d ( l i b r a ry , fbo ) ;
l i b r a ry −>loaded = 1 ;

} e l s e {
l i b r a ry −>s t a t e = l i b r a r y s t a t e a c t i v e ;

320 }
// f a l l −through

case l i b r a r y s t a t e a c t i v e : {
glEnable (GL TEXTURE 2D) ;
glBindFramebufferEXT (GL FRAMEBUFFER EXT, 0) ;
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325 /∗
glBindFramebufferEXT (GL FRAMEBUFFER EXT, fbo ) ;
glFramebufferTexture2DEXT (GL FRAMEBUFFER EXT, GL COLORATTACHMENT0 EXT, ⤦

Ç GL TEXTURE 2D, l i b r a ry −>ba l l t ex , 0) ;
∗/

glViewport (0 , 0 , l i b r a ry −>width , l i b r a ry −>he ight ) ;
330

// update camera
f o r ( i n t i = 0 ; i < 4 ; ++i ) {

l i b r a ry −>camera . s c a l e . v [ i ] = l i b r a ry −>stddev [ i ] > 0 ? 2 .0 / l i b r a ry −>⤦
Ç stddev [ i ] : 1 . 0 ;

}
335 f o r ( i n t i = 0 ; i < 10 ; ++i ) camera update(& l i b r a ry −>camera , &l i b r a ry −>⤦

Ç t a r g e t ) ;
f o r ( i n t i = 0 ; i < 4 ; ++i ) {

l i b r a ry −>borderwindow . value . o r i g i n [ i ] = l i b r a ry −>camera .C. v [ i ] ;
l i b r a ry −>borderwindow pick . va lue . o r i g i n [ i ] = l i b r a ry −>camera .C. v [ i ] ;

}
340 f o r ( i n t i = 0 ; i < 16 ; ++i ) {

l i b r a ry −>borderwindow . value . r o t a t e [ i ] = l i b r a ry −>camera .M.m[ i ] ;
l i b r a ry −>borderwindow pick . va lue . r o t a t e [ i ] = l i b r a ry −>camera .M.m[ i ] ;

}
f o r ( i n t i = 0 ; i < 4 ; ++i ) {

345 l i b r a ry −>borderwindow . value . s c a l e [ i ] = l i b r a ry −>camera . s c a l e . v [ i ] ;
l i b r a ry −>borderwindow pick . va lue . s c a l e [ i ] = l i b r a ry −>camera . s c a l e . v [ i ] ;

}

g lC l ea rCo lo r ( 0 , 0 , 0 , 0 ) ;
350 g lC l ea r (GL COLOR BUFFER BIT | GL DEPTH BUFFER BIT) ;

// i n t width , he ight ;
g lEnable (GL TEXTURE 2D) ;
glBindTexture (GL TEXTURE 2D, t ex ture ) ;

355 glTexParameteri (GL TEXTURE 2D, GL TEXTURE MIN FILTER, GL LINEAR) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTURE MAG FILTER, GL LINEAR) ;
glMatrixMode (GL PROJECTION) ;
g lLoadIdent i ty ( ) ;
gluOrtho2D (0 , 1 , 0 , 1) ;

360 glMatrixMode (GLMODELVIEW) ;
g lLoadIdent i ty ( ) ;

// glViewport (0 , 0 , l i b r a ry −>width , l i b r a r y −>he ight ) ;
// glGetTexLevelParameteriv (
// GL TEXTURE 2D, 0 , GL TEXTUREWIDTH, &width

365 // ) ;
// glGetTexLevelParameteriv (
// GL TEXTURE 2D, 0 , GL TEXTURE HEIGHT, &he ight
// ) ;

l i b r a ry −>worldsphere . va lue . s i z e [ 0 ] = r d e x t e x s i z e ; //1024; //width ;
370 l i b r a ry −>worldsphere . va lue . s i z e [ 1 ] = r d e x t e x s i z e ; // he ight ;

wor ldsphere use (& l i b r a ry −>worldsphere ) ;
g lBeg in (GL QUADS) ; {

f l o a t x = 3 . 0 ;
f l o a t y = 3 .0 ∗ l i b r a ry −>he ight / l i b r a ry −>width ;

375 g lCo l o r 4 f ( 1 , 1 , 1 , 1 ) ;
glTexCoord4f ( 0 . 5 − x , 0 . 5 − y , x , −y ) ; g lVer t ex2 f (0 , 0) ;
glTexCoord4f ( 0 . 5 + x , 0 . 5 − y , −x , −y ) ; g lVer t ex2 f (1 , 0) ;
glTexCoord4f ( 0 . 5 + x , 0 . 5 + y , −x , y ) ; g lVe r t ex2 f (1 , 1) ;

89



rdex-client src/library.c

glTexCoord4f ( 0 . 5 − x , 0 . 5 + y , x , y ) ; g lVe r t ex2 f (0 , 1) ;
380 } glEnd ( ) ;

wor ldsphere use (0 ) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTURE MIN FILTER, GL NEAREST) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTURE MAG FILTER, GL NEAREST) ;

385 // draw b a l l s
g lEnable (GL DEPTH TEST) ;
glMatrixMode (GL PROJECTION) ;
g lLoadIdent i ty ( ) ;
f l o a t v = l i b r a ry −>width / ( f l o a t ) l i b r a ry −>he ight ;

390 glFrustum(−v , v , −1 , 1 , 4 , 12) ;
glMatrixMode (GLMODELVIEW) ;
g lLoadIdent i ty ( ) ;
g lT r an s l a t e f (0 , 0 , −8) ;
g l S c a l e f (2 , 2 , 2) ;

395 borderwindow use(& l i b r a ry −>borderwindow ) ;
f l o a t a = l i b r a ry −>he ight / ( f l o a t ) l i b r a ry −>width ;
f o r ( i n t i = 0 ; i < l i b r a ry −>count ; ++i ) {

l i b r a ry −>array [ i ] . sp in [ 0 ] += l i b r a ry −>array [ i ] . dspin [ 0 ] ;
l i b r a ry −>array [ i ] . sp in [ 0 ] −= f l o o r ( l i b r a ry −>array [ i ] . sp in [ 0 ] ) ;

400 l i b r a ry −>array [ i ] . sp in [ 1 ] += l i b r a ry −>array [ i ] . dspin [ 1 ] ;
l i b r a ry −>array [ i ] . sp in [ 1 ] −= f l o o r ( l i b r a ry −>array [ i ] . sp in [ 1 ] ) ;
GLfloat z = sq r t ( l i b r a ry −>array [ i ] . s c o r e ) + 1 . 0 / 2 5 6 . 0 ;
// note : y texcoord f l i p p ed f o r c o r r e c t d i sp l ay from loaded image f i l e s
i n t dx [ 4 ] = { 0 , 1 , 1 , 0 } ;

405 i n t dy [ 4 ] = { 1 , 1 , 0 , 0 } ;
f o r ( i n t j = 0 ; j < 4 ; ++j ) {

f o r ( i n t k = 0 ; k < 4 ; ++k) {
l i b r a ry −>varray [ i ] [ j ] . ve r tex [ k ] = l i b r a ry −>array [ i ] . v [ k ] ;

}
410 l i b r a ry −>varray [ i ] [ j ] . texcoord [ 0 ] = i ;

l i b r a ry −>varray [ i ] [ j ] . texcoord [ 1 ] = 0 ;
l i b r a ry −>varray [ i ] [ j ] . texcoord [ 2 ] = dx [ j ] ;
l i b r a ry −>varray [ i ] [ j ] . texcoord [ 3 ] = dy [ j ] ;
l i b r a ry −>varray [ i ] [ j ] . d e l t a [ 0 ] = (dx [ j ] ∗ 2 − 1) ∗ z ∗ a ;

415 l i b r a ry −>varray [ i ] [ j ] . d e l t a [ 1 ] = (1 − 2 ∗ dy [ j ] ) ∗ z ;
l i b r a ry −>varray [ i ] [ j ] . sp in [ 0 ] = l i b r a ry −>array [ i ] . sp in [ 0 ] ;
l i b r a ry −>varray [ i ] [ j ] . sp in [ 1 ] = l i b r a ry −>array [ i ] . sp in [ 1 ] ;

}
}

420 g lEnab l eC l i en tSta t e (GL VERTEXARRAY) ;
g lEnab l eC l i en tSta t e (GL TEXTURECOORDARRAY) ;
g lEnableVertexAttr ibArray ( l i b r a ry −>borderwindow . a t t r . d e l t a ) ;
g lEnableVertexAttr ibArray ( l i b r a ry −>borderwindow . a t t r . sp in ) ;
g lVer texPo inte r (4 , GL FLOAT, s i z e o f ( s t r u c t l i b v e r t ) , &l i b r a ry −>varray⤦

Ç [ 0 ] [ 0 ] . ve r tex [ 0 ] ) ;
425 glTexCoordPointer (4 , GL FLOAT, s i z e o f ( s t r u c t l i b v e r t ) , &l i b r a ry −>varray⤦

Ç [ 0 ] [ 0 ] . texcoord [ 0 ] ) ;
g lVer t exAtt r ibPo in te r ( l i b r a ry −>borderwindow . a t t r . de l ta , 2 , GL FLOAT, ⤦

Ç GL FALSE, s i z e o f ( s t r u c t l i b v e r t ) , &l i b r a ry −>varray [ 0 ] [ 0 ] . d e l t a [ 0 ] ) ;
g lVer t exAtt r ibPo in te r ( l i b r a ry −>borderwindow . a t t r . spin , 2 , GL FLOAT, ⤦

Ç GL FALSE, s i z e o f ( s t r u c t l i b v e r t ) , &l i b r a ry −>varray [ 0 ] [ 0 ] . sp in [ 0 ] ) ;
glDrawArrays (GL QUADS, 0 , l i b r a ry −>count ∗ 4) ;
g lD i s ab l eC l i e n tS t a t e (GL VERTEXARRAY) ;

430 g lD i s ab l eC l i e n tS t a t e (GL TEXTURECOORDARRAY) ;
g lDi sab leVertexAttr ibArray ( l i b r a ry −>borderwindow . a t t r . d e l t a ) ;
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g lDi sab leVertexAttr ibArray ( l i b r a ry −>borderwindow . a t t r . sp in ) ;

// r e s e t t ex ture mode f o r accurate image save
435 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) ;

// glBindFramebufferEXT (GL FRAMEBUFFER EXT, 0) ;
borderwindow use (0 ) ;

440 g lD i s ab l e (GL DEPTH TEST) ;

// apply bloom f i l t e r ( mod i f i e s t ex ture in p lace )
// b loom disp lay (& l i b r a ry −>bloom , fbo , l i b r a ry −>ba l l t e x ) ;

/∗
445 // draw b a l l s

g lViewport (0 , 0 , 1024 , 576) ;
glMatrixMode (GL PROJECTION) ;
g lLoadIdent i ty ( ) ;
gluOrtho2D (0 , 1 , 0 , 1) ;

450 glMatrixMode (GLMODELVIEW) ;
g lLoadIdent i ty ( ) ;
g lEnable (GL TEXTURE 2D) ;
glBindTexture (GL TEXTURE 2D, l i b r a ry −>ba l l t e x ) ;
g lBeg in (GL QUADS) ; {

455 f l o a t x = 0 . 5 ;
f l o a t y = 0 .5 ∗ 576 . 0/1024 . 0 ; // FIXME hardcoded
g lCo l o r 4 f ( 1 , 1 , 1 , 1 ) ;
glTexCoord2f ( 0 . 5 − x , 0 . 5 − y ) ; g lVer t ex2 f (0 , 0) ;
glTexCoord2f ( 0 . 5 + x , 0 . 5 − y ) ; g lVer t ex2 f (1 , 0) ;

460 glTexCoord2f ( 0 . 5 + x , 0 . 5 + y) ; g lVe r t ex2 f (1 , 1) ;
glTexCoord2f ( 0 . 5 − x , 0 . 5 + y) ; g lVer t ex2 f (0 , 1) ;

} glEnd ( ) ;
∗/

g lD i s ab l e (GL TEXTURE 2D) ;
465

#i f 0
/∗ draw cur so r ∗/
glMatrixMode (GL PROJECTION) ;
g lLoadIdent i ty ( ) ;

470 gluOrtho2D (0 , l i b r a ry −>width , 0 , l i b r a ry −>he ight ) ;
glMatrixMode (GLMODELVIEW) ;
g lLoadIdent i ty ( ) ;
g lBeg in (GL LINES) ; {

g lCo l o r 4 f ( 0 , 1 , 0 , 1 ) ;
475 g lVer t ex2 f ( l i b r a ry −>mousex , 0) ;

g lVer t ex2 f ( l i b r a ry −>mousex , l i b r a r y −>he ight ) ;
g lVer t ex2 f (0 , l i b r a ry −>mousey ) ;
g lVer t ex2 f ( l i b r a ry −>width , l i b r a r y −>mousey ) ;

} glEnd ( ) ;
480 #end i f

glBindFramebufferEXT (GL FRAMEBUFFER EXT, fbo ) ;
l i b r a ry −>frame += 1 ;
break ;

485 }

#i f 0
case l i b r a r y s t a t e i n t r o : {
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i f ( ! l i b r a ry −>loaded ) {
490 l i b r a r y l o a d ( l i b r a ry , fbo ) ;

l i b r a ry −>loaded = 1 ;
}
glEnable (GL TEXTURE 2D) ;
glBindFramebufferEXT (GL FRAMEBUFFER EXT, 0) ;

495 glViewport (0 , 0 , l i b r a ry −>width , l i b r a ry −>he ight ) ;
g lC l ea rCo lo r ( 0 , 0 , 1 , 1 ) ;
g lC l ea r (GL COLOR BUFFER BIT | GL DEPTH BUFFER BIT) ;
g lEnable (GL TEXTURE 2D) ;
glBindTexture (GL TEXTURE 2D, t ex ture ) ;

500 glTexParameteri (GL TEXTURE 2D, GL TEXTURE MIN FILTER, GL LINEAR) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTURE MAG FILTER, GL LINEAR) ;
glMatrixMode (GL PROJECTION) ;
g lLoadIdent i ty ( ) ;
gluOrtho2D (0 , 1 , 0 , 1) ;

505 glMatrixMode (GLMODELVIEW) ;
g lLoadIdent i ty ( ) ;
l i b r a ry −>worldsphere . va lue . s i z e [ 0 ] = r d e x t e x s i z e ;
l i b r a ry −>worldsphere . va lue . s i z e [ 1 ] = r d e x t e x s i z e ;
wor ldsphere use (& l i b r a ry −>worldsphere ) ;

510 g lBeg in (GL QUADS) ; {
f l o a t x0 = 3 . 0 ;
f l o a t y0 = x0 ∗ l i b r a ry −>he ight / l i b r a ry −>width ;
f l o a t x1 = 3 .0 / ( l i b r a ry −>phase ∗ l i b r a ry −>phase + 0 .001 ) ;
f l o a t y1 = x1 ∗ l i b r a ry −>he ight / l i b r a ry −>width ;

515 g lCo l o r 4 f ( 1 , 1 , 1 , 1 ) ;
glTexCoord4f ( 0 . 5 − x0 , 0 . 5 − y0 , x1 , −y1 ) ; g lVer t ex2 f (0 , 0) ;
glTexCoord4f ( 0 . 5 + x0 , 0 . 5 − y0 , −x1 , −y1 ) ; g lVer t ex2 f (1 , 0) ;
glTexCoord4f ( 0 . 5 + x0 , 0 . 5 + y0 , −x1 , y1 ) ; g lVer t ex2 f (1 , 1) ;
glTexCoord4f ( 0 . 5 − x0 , 0 . 5 + y0 , x1 , y1 ) ; g lVer t ex2 f (0 , 1) ;

520 } glEnd ( ) ;
wor ldsphere use (0 ) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTURE MIN FILTER, GL NEAREST) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTURE MAG FILTER, GL NEAREST) ;
l i b r a ry −>phase += 0.04 / 2 5 . 0 ;

525 i f ( ! ( l i b r a ry −>phase < 1 . 0 ) ) {
l i b r a ry −>s t a t e = l i b r a r y s t a t e a c t i v e ;
l i b r a ry −>phase = 0 ;

}
glBindTexture (GL TEXTURE 2D, 0) ;

530 g lD i s ab l e (GL TEXTURE 2D) ;
glBindFramebufferEXT (GL FRAMEBUFFER EXT, fbo ) ;
l i b r a ry −>frame += 1 ;
break ;

}
535 #end i f

case l i b r a r y s t a t e o u t r o : {
glBindFramebufferEXT (GL FRAMEBUFFER EXT, 0) ;
g lViewport (0 , 0 , l i b r a ry −>width , l i b r a ry −>he ight ) ;
g lC l ea rCo lo r ( 0 , 0 , 1 , 1 ) ;

540 g lC l ea r (GL COLOR BUFFER BIT | GL DEPTH BUFFER BIT) ;
glBindFramebufferEXT (GL FRAMEBUFFER EXT, fbo ) ;
break ;

}
case l i b r a r y s t a t e i d l e :

545 case l i b r a r y s t a t e d on e : {
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glBindFramebufferEXT (GL FRAMEBUFFER EXT, 0) ;
g lViewport (0 , 0 , l i b r a ry −>width , l i b r a ry −>he ight ) ;
g lC l ea rCo lo r ( 0 , 0 , 0 , 1 ) ;
g lC l ea r (GL COLOR BUFFER BIT | GL DEPTH BUFFER BIT) ;

550 glBindFramebufferEXT (GL FRAMEBUFFER EXT, fbo ) ;
break ;

}
}

}
555

void l ib ra ry pmot ion ( s t r u c t l i b r a r y ∗ l i b r a ry , i n t x , i n t y ) {
l i b r a ry −>mousex = x ;
l i b r a ry −>mousey = l i b r a ry −>he ight − y − 1 ;

}
560

void l i b ra ry amot i on ( s t r u c t l i b r a r y ∗ l i b r a ry , i n t x , i n t y ) {
l i b r a ry −>mousex = x ;
l i b r a ry −>mousey = l i b r a ry −>he ight − y − 1 ;

}
565

void l ib ra ry mouse ( s t r u c t l i b r a r y ∗ l i b r a ry , i n t button , i n t s tate , i n t x , i n t y )⤦
Ç {

i f ( s t a t e == GLUTDOWN) {
l i b r a ry −>picked = l i b r a ry −>hover ;

}
570 }

void l i b r a r y i d l e ( s t r u c t l i b r a r y ∗ l i b r a r y ) {
wor l d sphe r e i d l e (& l i b r a ry −>worldsphere ) ;

}
575

// EOF

63 src/library.h

/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2008 ,2009 ,2010 ,2019 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 Library Module
===================================================================== ∗/

#i f n d e f LIBRARY H
#de f i n e LIBRARY H 1

10

#inc lude <GL/glew . h>
#inc lude ”borderwindow . h”
#inc lude ”wor ldsphere . h”
#inc lude ”background . h”

15 #inc lude ”matrix . h”
#inc lude ”camera . h”
//#inc lude ”bloom . h”
#inc lude ” b lur . h”

20 //======================================================================
// l i b r a r y data s t r u c t u r e s
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#de f i n e l i b r a r y t e x s i z e 256
#de f i n e l i b r a r y t e x l a y e r s 512

25

s t r u c t l i b e l em {
GLfloat v [ 4 ] ; // raw parameter coo rd ina t e s
f l o a t s co r e ; // ana l y s i s r e s u l t
f l o a t sp in [ 2 ] ; // sp inn ing orbs

30 f l o a t dspin [ 2 ] ;
} ;

s t r u c t l i b v e r t {
GLfloat ver tex [ 4 ] ;

35 GLfloat texcoord [ 4 ] ;
GLfloat de l t a [ 2 ] ;
GLfloat sp in [ 2 ] ;

} ;

40 s t r u c t l i b r a r y {
i n t loaded ;
i n t count ; // i nva r i an t : count <= l i b r a r y t e x l a y e r s
s t r u c t l i b e l em array [ l i b r a r y t e x l a y e r s ] ;
double score , score2 , s co rev [ 4 ] , s corev2 [ 4 ] ;

45 GLfloat stddev [ 4 ] ;
GLuint texture , t e x tu r e a r r ay ;
GLuint pbo ;
i n t which ;
unsigned i n t frame ;

50 i n t width ;
i n t he ight ;
i n t mousex ;
i n t mousey ;
GLuint p i ck tex ;

55 i n t hover ;
i n t picked ;
i n t snap ;
char ∗ s e s s i o n ;
s t r u c t borderwindow borderwindow ;

60 s t r u c t borderwindow pick borderwindow pick ;
s t r u c t wor ldsphere wor ldsphere ;
s t r u c t background background ;
s t r u c t camera camera ;
s t r u c t vec4 t a r g e t ;

65 // s t r u c t bloom bloom ;
s t r u c t b lur b lur ;
GLuint b lu r t ex [ 1 ] ; // FIXME need log2 ( r d e x t e x s i z e / l i b r a r y t e x s i z e )−1

// GLuint b a l l t e x ;
enum { l i b r a r y s t a t e i d l e ,

70 l i b r a r y s t a t e i n t r o ,
l i b r a r y s t a t e a c t i v e ,
l i b r a r y s t a t e o u t r o ,
l i b r a r y s t a t e d on e } s t a t e ;

double phase ;
75 // draw arrays s t u f f

s t r u c t l i b v e r t varray [ l i b r a r y t e x l a y e r s ] [ 4 ] ;
} ;

//======================================================================
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80 // prototypes

s t r u c t l i b r a r y ∗ l i b r a r y i n i t ( s t r u c t l i b r a r y ∗ l i b r a ry , GLuint fbo ) ;
i n t l i b r a r y l o a d ( s t r u c t l i b r a r y ∗ l i b r a ry , GLuint fbo ) ;
void l i b r a r y d i s p l a y s a v e (

85 s t r u c t l i b r a r y ∗ l i b r a ry , GLuint fbo , GLuint texture , GLuint rawtexture ,
double ru , double rv , double f , double k , double score , const char ∗behaviour

) ;
void l i b r a r y r e s h ap e ( s t r u c t l i b r a r y ∗ l i b r a ry , i n t w, i n t h) ;
void l i b r a r y d i s p l a y ( s t r u c t l i b r a r y ∗ l i b r a ry , GLuint fbo , GLuint t ex ture ) ;

90 void l ib ra ry pmot ion ( s t r u c t l i b r a r y ∗ l i b r a ry , i n t x , i n t y ) ;
void l i b ra ry amot i on ( s t r u c t l i b r a r y ∗ l i b r a ry , i n t x , i n t y ) ;
void l ib ra ry mouse ( s t r u c t l i b r a r y ∗ l i b r a ry , i n t button , i n t s tate , i n t x , i n t y )⤦

Ç ;
void l i b r a r y i d l e ( s t r u c t l i b r a r y ∗ l i b r a r y ) ;
i n t l i b r a r y p i c k ( s t r u c t l i b r a r y ∗ l i b r a ry , f l o a t ∗ru , f l o a t ∗ rv , f l o a t ∗ f , f l o a t ⤦

Ç ∗k , f l o a t randomness ) ;
95

#end i f

64 src/list.c

/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2009 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 doubly− l i nked l i s t implementation
===================================================================== ∗/

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

10

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 ) ;
l−> t a i l = &(l−>ta i lNode ) ;

15 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 ;

}
20

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 ;

}
25

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 ;

}
30

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 ;

}
35
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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 ;
whi l e (n != l−> t a i l ) {

40 n = n−>next ;
i++;

}
re turn i ;

}
45

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 ;
n−>next−>pred = n−>pred ;

50 n−>next = 0 ;
n−>pred = 0 ;

}

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 ) {
55 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 ) ;

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 ;
b e f o r e t h i s −>pred = n ;

60 }

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

65 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 ;

}

70 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 ) ;

}

75

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) ;

80 re turn n ;
}

// EOF

65 src/list.h

/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2009 ,2010 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 doubly− l i nked l i s t implementation
===================================================================== ∗/
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#i f n d e f LIST H
#de f i n e LIST H 1

10

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

} ;
15

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 ;
// p r i va t e

20 s t r u c t node headNode ;
s t r u c t node ta i lNode ;

} ;

void l i s t i n i t ( s t r u c t l i s t ∗ l ) ;
25 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 ) ;
void l i s t r emove ( s t r u c t node ∗n) ;

30 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 ) ;

35 #end i f

66 src/main.c

/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2008 ,2009 ,2010 ,2017 ,2019 Claude Heiland −Allen <claude@mathr . co . uk⤦

Ç >
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 Main Program Entry Point
===================================================================== ∗/

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

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

#i f d e f RDEX ICON
15 #inc lude <GL/ glx . h>

#inc lude <X11/ St r ingDe f s . h>
#inc lude <X11/ I n t r i n s i c . h>
#inc lude <X11/ I n t r i n s i cP . h>
#inc lude <X11/ She l l . h>

20 #i f d e f VMS
#inc lude <X11/ shape . h>
#e l s e
#inc lude <X11/ ex t en s i on s / shape . h>
#end i f
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25 #inc lude <X11/xpm. h>
#end i f

#inc lude ” rdex . h”

30 #i f d e f RDEX ICON
#inc lude ”rdex− logo −32x32 .xpm”

s t r u c t XpmIcon {
Pixmap pixmap ;

35 Pixmap mask ;
XpmAttributes a t t r i b u t e s ;

} ;
#end i f

40 i n t main ( i n t argc , char ∗∗ argv ) {
/∗ i n i t i a l i z e GLUT etc ∗/
f p r i n t f ( s tde r r , ” rdex (GPL) 2008−2019 Claude Heiland −Allen <claude@mathr . co . uk⤦

Ç >\n”) ;
srand ( time (NULL) ) ;
g lut In i tDisp layMode (GLUTRGBA | GLUTDOUBLE | GLUTDEPTH) ;

45 glutInitWindowSize (788 , 576) ;
g l u t I n i t (&argc , argv ) ;
glutCreateWindow (” rdex ”) ;
g l u tFu l l S c r e en ( ) ;
g lutSetCursor (GLUT CURSORNONE) ;

50 g l ew In i t ( ) ;
#i f d e f RDEX ICON

/∗ s e t i con ∗/
Display ∗ d i sp l ay = glXGetCurrentDisplay ( ) ;
i f ( d i sp l ay ) {

55 GLXDrawable drawable = glXGetCurrentDrawable ( ) ;
i f ( drawable ) {

s t r u c t XpmIcon icon ;
i f (0 == XpmCreatePixmapFromData ( d i sp lay , drawable , rdex logo 32x32 xpm , &⤦

Ç i con . pixmap , &icon . mask , NULL) ) {
XWMHints∗ h in t s = XAllocWMHints ( ) ;

60 i f ( h i n t s ) {
hints −> f l a g s = IconPixmapHint ;
h ints −>icon pixmap = icon . pixmap ;
i f ( i con . mask ) {

hints −> f l a g s |= IconMaskHint ;
65 hints −>icon mask = icon . mask ;

}
XSetWMHints( d i sp lay , drawable , h in t s ) ;
XFree ( h in t s ) ;

}
70 }

}
}

#end i f
/∗ a c t i v a t e c a l l b a c k s and ente r main loop ∗/

75 i f ( r d e x i n i t ( ) ) {
glutDisplayFunc ( rd ex d i sp l ay ) ;
glutReshapeFunc ( rdex reshape ) ;
glutTimerFunc (1 , rdex t imer , 0) ;

// g lut Id l eFunc ( r d e x i d l e ) ;
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80 glutPassiveMotionFunc ( rdex pmotion ) ;
glutMotionFunc ( rdex amotion ) ;
glutMouseFunc ( rdex mouse ) ;
glutKeyboardFunc ( rdex keynormal ) ;
g lutSpec ia lFunc ( r d ex k ey sp e c i a l ) ;

85 g lutSetCursor (GLUT CURSORNONE) ;
glutMainLoop ( ) ;
r e turn 0 ; // never reached

} e l s e {
re turn 1 ;

90 }
}

// EOF

67 src/Makefile

#=======================================================================
# rdex −− r eac t i on − d i f f u s i o n exp l o r e r
# Copyright (C) 2008 ,2009 ,2010 ,2011 ,2017 ,2019 Claude Heiland −Allen <⤦

Ç claude@mathr . co . uk>
#−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 # Makef i l e
#=======================================================================

CC = gcc
CFLAGS = −std=c99 −Wall −pedant ic −O3 −pthread ‘ cur l − c on f i g −− c f l a g s ‘ ‘ pkg−⤦

Ç c on f i g −− c f l a g s jack ‘ −D” POSIX C SOURCE=199309L”
10 LIBS = −lGL −lGLU − l g l u t −lGLEW ‘ cur l − c on f i g −− l i b s ‘ ‘ pkg− c on f i g −− l i b s jack ‘ −⤦

Ç l s n d f i l e −lm
OBJS = main . o rdex . o shader . o arithmeticmean . o audio . o background . o b lur . o ⤦

Ç borderwindow . o copysquare . o d i f f e r e n c e . o f a l s e c o l o u r . o histogram . o image . o⤦
Ç l i b r a r y . o l i s t . o numer icer ror . o p f i f o . o r e a c t i o n d i f f u s i o n . o s c r e en sho t . o ⤦
Ç segment . o tamura . o u t i l . o wor ldsphere . o matrix . o camera . o gb lur . o bloom . o ⤦
Ç expco lour . o sequence . o glyph−curve − l e s s . o glyph−curve −more . o glyph−speed−⤦
Ç l e s s . o glyph−speed−more . o g lyphs . o i n t r o . o int ro −image . o t ime l i n e . o f ont . o⤦
Ç f on t s . o t ext . o

GENC = arithmeticmean . f r ag . c audio . f r a g . c b lur . f r a g . c borderwindow . f r ag . c ⤦
Ç borderwindow pick . f r a g . c copysquare . f r a g . c d i f f e r e n c e . f r a g . c f a l s e c o l o u r .⤦
Ç f r a g . c numer icer ror . f r a g . c r e a c t i o n d i f f u s i o n . f r a g . c wor ldsphere . f r a g . c ⤦
Ç p r o j e c t i o n . ve r t . c p r o j e c t i o n p i c k . ve r t . c gb lur . f r a g . c bloom . f r ag . c ⤦
Ç expco lour . f r a g . c sequence . f r a g . c sequence . ve r t . c t ex t . f r a g . c t ext . ve r t . c

# opt i ona l f e a tu r e : window icon
15 CFLAGS += −DRDEX ICON

LIBS += −lXpm −lX11
# opt i ona l f e a tu r e : debuggab i l i t y
#CFLAGS += −ggdb −pg
CFLAGS += −march=nat ive −mfpmath=s s e − f f a s t −math

20

a l l : rdex

c l ean :
−rm − f $ (OBJS) $ (GENC)

25

# no s u f f i x ru l e s , they cause weird i s s u e s with the . f r a g . c f i l e s
. SUFFIXES :
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.PHONY: a l l c l ean

30 # l i n k program
rdex : $ (OBJS)

$ (CC) $ (CFLAGS) −o rdex $ (OBJS) $ (LIBS)

# C source to ob j e c t f i l e
35 %.o : %.c

$ (CC) $ (CFLAGS) −o $@ −c $<

# shader source to C source
%. f r ag . c : %. f r ag s2c . sh

40 . / s2c . sh $∗ f r a g < $< > $@

%.ver t . c : %. ve r t s2c . sh
. / s2c . sh $∗ v e r t < $< > $@

45 # svg to r a s t e r i z e d RGBA ob j e c t
%.o : %.svg svg2o . sh i n t e r l e a v e 3 1

. / svg2o . sh $∗

# png to r a s t e r i z e d RGBA ob j e c t
50 %.o : %.png png2o . sh i n t e r l e a v e 3 1

. / png2o . sh $∗

i n t e r l e a v e 3 1 : i n t e r l e a v e 3 1 . c
$ (CC) $ (CFLAGS) −s −o i n t e r l e a v e 3 1 i n t e r l e a v e 3 1 . c

55

i n t e r l e av e31 1024 : i n t e r l e av e31 1024 . c
$ (CC) $ (CFLAGS) −s −o i n t e r l e av e31 1024 i n t e r l e av e31 1024 . c

# dependenc ies
60 arithmeticmean . o : ar ithmeticmean . c arithmeticmean . f r a g . c arithmeticmean . h shader⤦

Ç . h u t i l . h
audio . o : audio . c audio . h audio . f r a g . c shader . h
background . o : background . c background . h p f i f o . h image . h histogram . h segment . h
bloom . o : bloom . c bloom . f r ag . c bloom . h gblur . h shader . h u t i l . h
b lur . o : b lur . c b lur . f r a g . c b lur . h shader . h

65 borderwindow . o : borderwindow . c borderwindow . f r ag . c borderwindow pick . f r a g . c ⤦
Ç borderwindow . h shader . h p r o j e c t i o n . ve r t . c p r o j e c t i o n p i c k . ve r t . c

camera . o : camera . c camera . h matrix . h
copysquare . o : copysquare . c copysquare . f r a g . c copysquare . h shader . h u t i l . h
d i f f e r e n c e . o : d i f f e r e n c e . c d i f f e r e n c e . f r a g . c d i f f e r e n c e . h shader . h ⤦

Ç arithmeticmean . h u t i l . h
expco lour . o : expco lour . c expco lour . f r a g . c expco lour . h shader . h

70 f a l s e c o l o u r . o : f a l s e c o l o u r . c f a l s e c o l o u r . f r a g . c f a l s e c o l o u r . h shader . h u t i l . h ⤦
Ç blur . h

f on t s . o : f on t s . c f on t s . h
gb lur . o : gb lur . c gb lur . f r a g . c gb lur . h expco lour . h shader . h u t i l . h
g lyphs . o : g lyphs . c g lyphs . h
histogram . o : histogram . c histogram . h image . h

75 image . o : image . c image . h
i n t r o . o : i n t r o . c i n t r o . h
l i b r a r y . o : l i b r a r y . c l i b r a r y . h background . h borderwindow . h image . h rdex . h shader⤦

Ç . h tamura . h matrix . h
l i s t . o : l i s t . c l i s t . h
main . o : main . c rdex . h
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80 matrix . o : matrix . c matrix . h
numer icer ror . o : numer icer ror . c numer icer ror . f r a g . c numer icer ror . h shader . h ⤦

Ç arithmeticmean . h u t i l . h
p f i f o . o : p f i f o . c p f i f o . h l i s t . h
rdex . o : rdex . c rdex . h arithmeticmean . h copysquare . h d i f f e r e n c e . h f a l s e c o l o u r . h ⤦

Ç l i b r a r y . h numer icer ror . h r e a c t i o n d i f f u s i o n . h s c r e en sho t . h sequence . h audio⤦
Ç . h

r e a c t i o n d i f f u s i o n . o : r e a c t i o n d i f f u s i o n . c r e a c t i o n d i f f u s i o n . f r a g . c ⤦
Ç r e a c t i o n d i f f u s i o n . h shader . h u t i l . h

85 s c r e en sho t . o : s c r e en sho t . c s c r e en sho t . h p f i f o . h
segment . o : segment . c segment . h image . h u t i l . h
sequence . o : sequence . c sequence . h l i b r a r y . h r e a c t i o n d i f f u s i o n . h sequence . f r a g . c ⤦

Ç sequence . ve r t . c g lyphs . h
shader . o : shader . c shader . h
tamura . o : tamura . c tamura . h image . h

90 t ex t . o : t ex t . c t ex t . h shader . h f on t s . h text . f r a g . c t ex t . ve r t . c
t ime l i n e . o : t ime l i n e . c t ime l i n e . h
u t i l . o : u t i l . c u t i l . h
wor ldsphere . o : wor ldsphere . c wor ldsphere . f r a g . c wor ldsphere . h shader . h

95 # EOF
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/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2010 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 Matrix computations
===================================================================== ∗/

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

10 #inc lude ”matrix . h”

// vec to r copy

void vcopy3 ( s t r u c t vec3 ∗m, s t r u c t vec3 ∗x ) {
15 f o r ( i n t i = 0 ; i < 3 ; ++i ) {

m−>v [ i ] = x−>v [ i ] ;
}

}

20 void vcopy4 ( s t r u c t vec4 ∗m, s t r u c t vec4 ∗x ) {
f o r ( i n t i = 0 ; i < 4 ; ++i ) {
m−>v [ i ] = x−>v [ i ] ;

}
}

25

void vcopy5 ( s t r u c t vec5 ∗m, s t r u c t vec5 ∗x ) {
f o r ( i n t i = 0 ; i < 5 ; ++i ) {
m−>v [ i ] = x−>v [ i ] ;

}
30 }

// matrix copy
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void mcopy3 ( s t r u c t mat3 ∗m, s t r u c t mat3 ∗x ) {
35 f o r ( i n t i = 0 ; i < 9 ; ++i ) {

m−>m[ i ] = x−>m[ i ] ;
}

}

40 void mcopy4 ( s t r u c t mat4 ∗m, s t r u c t mat4 ∗x ) {
f o r ( i n t i = 0 ; i < 16 ; ++i ) {
m−>m[ i ] = x−>m[ i ] ;

}
}

45

void mcopy5 ( s t r u c t mat5 ∗m, s t r u c t mat5 ∗x ) {
f o r ( i n t i = 0 ; i < 25 ; ++i ) {
m−>m[ i ] = x−>m[ i ] ;

}
50 }

// vec to r s c a l a r mu l t i p l i c a t i o n

void vsmul3 ( s t r u c t vec3 ∗m, s t r u c t vec3 ∗x , f l o a t y ) {
55 f o r ( i n t i = 0 ; i < 3 ; ++i ) {

m−>v [ i ] = x−>v [ i ] ∗ y ;
}

}

60 void vsmul4 ( s t r u c t vec4 ∗m, s t r u c t vec4 ∗x , f l o a t y ) {
f o r ( i n t i = 0 ; i < 4 ; ++i ) {
m−>v [ i ] = x−>v [ i ] ∗ y ;

}
}

65

void vsmul5 ( s t r u c t vec5 ∗m, s t r u c t vec5 ∗x , f l o a t y ) {
f o r ( i n t i = 0 ; i < 5 ; ++i ) {
m−>v [ i ] = x−>v [ i ] ∗ y ;

}
70 }

// vec to r s c a l a r d i v i s i o n

void vsdiv3 ( s t r u c t vec3 ∗m, s t r u c t vec3 ∗x , f l o a t y ) {
75 f o r ( i n t i = 0 ; i < 3 ; ++i ) {

m−>v [ i ] = x−>v [ i ] / y ;
}

}

80 void vsdiv4 ( s t r u c t vec4 ∗m, s t r u c t vec4 ∗x , f l o a t y ) {
f o r ( i n t i = 0 ; i < 4 ; ++i ) {
m−>v [ i ] = x−>v [ i ] / y ;

}
}

85

void vsdiv5 ( s t r u c t vec5 ∗m, s t r u c t vec5 ∗x , f l o a t y ) {
f o r ( i n t i = 0 ; i < 5 ; ++i ) {
m−>v [ i ] = x−>v [ i ] / y ;

}
90 }
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// vec to r vec to r add i t i on

void vvadd3 ( s t r u c t vec3 ∗m, s t r u c t vec3 ∗x , s t r u c t vec3 ∗y ) {
95 f o r ( i n t i = 0 ; i < 3 ; ++i ) {

m−>v [ i ] = x−>v [ i ] + y−>v [ i ] ;
}

}

100 void vvadd4 ( s t r u c t vec4 ∗m, s t r u c t vec4 ∗x , s t r u c t vec4 ∗y ) {
f o r ( i n t i = 0 ; i < 4 ; ++i ) {
m−>v [ i ] = x−>v [ i ] + y−>v [ i ] ;

}
}

105

void vvadd5 ( s t r u c t vec5 ∗m, s t r u c t vec5 ∗x , s t r u c t vec5 ∗y ) {
f o r ( i n t i = 0 ; i < 5 ; ++i ) {
m−>v [ i ] = x−>v [ i ] + y−>v [ i ] ;

}
110 }

// vec to r vec to r sub t ra c t i on

void vvsub3 ( s t r u c t vec3 ∗m, s t r u c t vec3 ∗x , s t r u c t vec3 ∗y ) {
115 f o r ( i n t i = 0 ; i < 3 ; ++i ) {

m−>v [ i ] = x−>v [ i ] − y−>v [ i ] ;
}

}

120 void vvsub4 ( s t r u c t vec4 ∗m, s t r u c t vec4 ∗x , s t r u c t vec4 ∗y ) {
f o r ( i n t i = 0 ; i < 4 ; ++i ) {
m−>v [ i ] = x−>v [ i ] − y−>v [ i ] ;

}
}

125

void vvsub5 ( s t r u c t vec5 ∗m, s t r u c t vec5 ∗x , s t r u c t vec5 ∗y ) {
f o r ( i n t i = 0 ; i < 5 ; ++i ) {
m−>v [ i ] = x−>v [ i ] − y−>v [ i ] ;

}
130 }

// vec to r vec to r mu l t i p l i c a t i o n ( componentwise )

void vvmul4 ( s t r u c t vec4 ∗m, s t r u c t vec4 ∗x , s t r u c t vec4 ∗y ) {
135 f o r ( i n t i = 0 ; i < 4 ; ++i ) {

m−>v [ i ] = x−>v [ i ] ∗ y−>v [ i ] ;
}

}

140 // vec to r vec to r d i v i s i o n ( componentwise )

void vvdiv4 ( s t r u c t vec4 ∗m, s t r u c t vec4 ∗x , s t r u c t vec4 ∗y ) {
f o r ( i n t i = 0 ; i < 4 ; ++i ) {
m−>v [ i ] = x−>v [ i ] / y−>v [ i ] ;

145 }
}
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// matrix vec to r mu l t i p l i c a t i o n
150

void mvmul3( s t r u c t vec3 ∗v , s t r u c t mat3 ∗x , s t r u c t vec3 ∗y ) {
i n t k = 0 ;
f o r ( i n t i = 0 ; i < 3 ; ++i ) {

v−>v [ i ] = 0 ;
155 f o r ( i n t j = 0 ; j < 3 ; ++j ) {

v−>v [ i ] += x−>m[ k++] ∗ y−>v [ j ] ;
}

}
}

160

void mvmul4( s t r u c t vec4 ∗v , s t r u c t mat4 ∗x , s t r u c t vec4 ∗y ) {
i n t k = 0 ;
f o r ( i n t i = 0 ; i < 4 ; ++i ) {

v−>v [ i ] = 0 ;
165 f o r ( i n t j = 0 ; j < 4 ; ++j ) {

v−>v [ i ] += x−>m[ k++] ∗ y−>v [ j ] ;
}

}
}

170

void mvmul5( s t r u c t vec5 ∗v , s t r u c t mat5 ∗x , s t r u c t vec5 ∗y ) {
i n t k = 0 ;
f o r ( i n t i = 0 ; i < 5 ; ++i ) {

v−>v [ i ] = 0 ;
175 f o r ( i n t j = 0 ; j < 5 ; ++j ) {

v−>v [ i ] += x−>m[ k++] ∗ y−>v [ j ] ;
}

}
}

180

// matrix matrix mu l t i p l i c a t i o n

void mmmul3( s t r u c t mat3 ∗m, s t r u c t mat3 ∗x , s t r u c t mat3 ∗y ) {
const i n t N = 3 ;

185 i n t kk = 0 ;
f o r ( i n t i = 0 ; i < N; ++i ) {

f o r ( i n t j = 0 ; j < N; ++j ) {
m−>m[ kk ] = 0 ;
f o r ( i n t k = 0 ; k < N; ++k) {

190 m−>m[ kk ] += x−>m[ k ∗ N + j ] ∗ y−>m[ i ∗ N + k ] ;
}
kk++;

}
}

195 }

void mmmul4( s t r u c t mat4 ∗m, s t r u c t mat4 ∗x , s t r u c t mat4 ∗y ) {
const i n t N = 4 ;
i n t kk = 0 ;

200 f o r ( i n t i = 0 ; i < N; ++i ) {
f o r ( i n t j = 0 ; j < N; ++j ) {
m−>m[ kk ] = 0 ;
f o r ( i n t k = 0 ; k < N; ++k) {
m−>m[ kk ] += x−>m[ k ∗ N + j ] ∗ y−>m[ i ∗ N + k ] ;
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205 }
kk++;

}
}

}
210

void mmmul5( s t r u c t mat5 ∗m, s t r u c t mat5 ∗x , s t r u c t mat5 ∗y ) {
const i n t N = 5 ;
i n t kk = 0 ;
f o r ( i n t i = 0 ; i < N; ++i ) {

215 f o r ( i n t j = 0 ; j < N; ++j ) {
m−>m[ kk ] = 0 ;
f o r ( i n t k = 0 ; k < N; ++k) {
m−>m[ kk ] += x−>m[ k ∗ N + j ] ∗ y−>m[ i ∗ N + k ] ;

}
220 kk++;

}
}

}

225 // homogeneous matrix con s t ru c t i on

void i d en t i t y 3 ( s t r u c t mat3 ∗m) {
const i n t N = 3 ;
i n t k = 0 ;

230 f o r ( i n t i = 0 ; i < N; ++i ) {
f o r ( i n t j = 0 ; j < N; ++j ) {
m−>m[ k++] = ( i == j ) ;

} }
}

235

void i d en t i t y 4 ( s t r u c t mat4 ∗m) {
const i n t N = 4 ;
i n t k = 0 ;
f o r ( i n t i = 0 ; i < N; ++i ) {

240 f o r ( i n t j = 0 ; j < N; ++j ) {
m−>m[ k++] = ( i == j ) ;

} }
}

245 void i d en t i t y 5 ( s t r u c t mat5 ∗m) {
const i n t N = 5 ;
i n t k = 0 ;
f o r ( i n t i = 0 ; i < N; ++i ) {
f o r ( i n t j = 0 ; j < N; ++j ) {

250 m−>m[ k++] = ( i == j ) ;
} }

}

void homogen4 ( s t r u c t mat4 ∗m, s t r u c t mat3 ∗x ) {
255 m−>m[ 0 ] = x−>m[ 0 ] ; m−>m[ 1 ] = x−>m[ 1 ] ; m−>m[ 2 ] = x−>m[ 2 ] ; m−>m[ 3 ] = 0 ;

m−>m[ 4 ] = x−>m[ 3 ] ; m−>m[ 5 ] = x−>m[ 4 ] ; m−>m[ 6 ] = x−>m[ 5 ] ; m−>m[ 7 ] = 0 ;
m−>m[ 8 ] = x−>m[ 6 ] ; m−>m[ 9 ] = x−>m[ 7 ] ; m−>m[ 1 0 ] = x−>m[ 8 ] ; m−>m[ 1 1 ] = 0 ;
m−>m[ 1 2 ] = 0 ; m−>m[ 1 3 ] = 0 ; m−>m[ 1 4 ] = 0 ; m−>m[ 1 5 ] = 1 ;

}
260

void homogen5 ( s t r u c t mat5 ∗m, s t r u c t mat4 ∗x ) {
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m−>m[ 0 ] = x−>m[ 0 ] ; m−>m[ 1 ] = x−>m[ 1 ] ; m−>m[ 2 ] = x−>m[ 2 ] ; m−>m[ 3 ] = x−>m⤦
Ç [ 3 ] ; m−>m[ 4 ] = 0 ;

m−>m[ 5 ] = x−>m[ 4 ] ; m−>m[ 6 ] = x−>m[ 5 ] ; m−>m[ 7 ] = x−>m[ 6 ] ; m−>m[ 8 ] = x−>m⤦
Ç [ 7 ] ; m−>m[ 9 ] = 0 ;

m−>m[ 1 0 ] = x−>m[ 8 ] ; m−>m[ 1 1 ] = x−>m[ 9 ] ; m−>m[ 1 2 ] = x−>m[ 1 0 ] ; m−>m[ 1 3 ] = x−>m⤦
Ç [ 1 1 ] ; m−>m[ 1 4 ] = 0 ;

265 m−>m[ 1 5 ] = x−>m[ 1 2 ] ; m−>m[ 1 6 ] = x−>m[ 1 3 ] ; m−>m[ 1 7 ] = x−>m[ 1 4 ] ; m−>m[ 1 8 ] = x−>m⤦
Ç [ 1 5 ] ; m−>m[ 1 9 ] = 0 ;

m−>m[ 2 0 ] = 0 ; m−>m[ 2 1 ] = 0 ; m−>m[ 2 2 ] = 0 ; m−>m[ 2 3 ] = 0 ; ⤦
Ç m−>m[ 2 4 ] = 1 ;

}

void t r an s l a t e 4 ( s t r u c t mat4 ∗m, s t r u c t vec3 ∗v ) {
270 const i n t N = 4 ;

i d en t i t y 4 (m) ;
i n t k = N − 1 ;
f o r ( i n t i = 0 ; i < N − 1 ; ++i ) {
m−>m[ k ] = v−>v [ i ] ;

275 k += N;
}

}

void t r an s l a t e 5 ( s t r u c t mat5 ∗m, s t r u c t vec4 ∗v ) {
280 const i n t N = 5 ;

i d en t i t y 5 (m) ;
i n t k = N − 1 ;
f o r ( i n t i = 0 ; i < N − 1 ; ++i ) {
m−>m[ k ] = v−>v [ i ] ;

285 k += N;
}

}

// r o l l i n g b a l l
290

void r o l l i n g b a l l 4 ( s t r u c t mat4 ∗m, f l o a t R, s t r u c t vec3 ∗v ) {
f l o a t r = sq r t (v−>v [ 0 ] ∗ v−>v [ 0 ] + v−>v [ 1 ] ∗ v−>v [ 1 ] + v−>v [ 2 ] ∗ v−>v [ 2 ] ) ;
f l o a t D = sq r t (R∗R+r ∗ r ) ;
f l o a t c = R / D;

295 f l o a t s = r / D;
f l o a t x , y , z ;
i f ( r > 0 .00001) {

x = v−>v [ 0 ] / r ;
y = v−>v [ 1 ] / r ;

300 z = v−>v [ 2 ] / r ;
} e l s e {

x = 0 ;
y = 0 ;
z = 0 ;

305 }
f l o a t t [ 1 6 ] = {

1−x∗x∗(1− c ) , −(1−c ) ∗x∗y , −(1−c ) ∗x∗z , s ∗x ,
−(1−c ) ∗x∗y , 1−y∗y∗(1− c ) , −(1−c ) ∗y∗z , s ∗y ,
−(1−c ) ∗x∗z , −(1−c ) ∗y∗z , 1−z∗z∗(1− c ) , s ∗z ,

310 −s ∗x , −s ∗y , −s ∗z , c
} ;
f o r ( i n t i = 0 ; i < 16 ; ++i ) {
m−>m[ i ] = t [ i ] ;
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}
315 }

// he lpe r f unc t i on s

f l o a t v length4 ( s t r u c t vec4 ∗x ) {
320 f l o a t v = 0 ;

f o r ( i n t i = 0 ; i < 4 ; ++i ) {
v += x−>v [ i ] ∗ x−>v [ i ] ;

}
re turn sq r t ( v ) ;

325 }

f l o a t vd i s tance4 ( s t r u c t vec4 ∗x , s t r u c t vec4 ∗y ) {
s t r u c t vec4 d ;
vvsub4(&d , x , y ) ;

330 re turn vlength4(&d) ;
}

f l o a t vvdot4 ( s t r u c t vec4 ∗x , s t r u c t vec4 ∗y ) {
f l o a t v = 0 ;

335 f o r ( i n t i = 0 ; i < 4 ; ++i ) {
v += x−>v [ i ] ∗ y−>v [ i ] ;

}
re turn v ;

}
340

// debugging

void vpr int4 ( s t r u c t vec4 ∗m) {
f p r i n t f ( s tde r r , ”%f %f %f %f \n” , m−>v [ 0 ] , m−>v [ 1 ] , m−>v [ 2 ] , m−>v [ 3 ] ) ;

345 }

void mprint4 ( s t r u c t mat4 ∗m) {
f p r i n t f (

s tde r r , ”%f %f %f %f \n%f %f %f %f \n%f %f %f %f \n%f %f %f %f \n” ,
350 m−>m[ 0 ] , m−>m[ 1 ] , m−>m[ 2 ] , m−>m[ 3 ] ,

m−>m[ 4 ] , m−>m[ 5 ] , m−>m[ 6 ] , m−>m[ 7 ] ,
m−>m[ 8 ] , m−>m[ 9 ] , m−>m[ 1 0 ] , m−>m[ 1 1 ] ,
m−>m[ 1 2 ] , m−>m[ 1 3 ] , m−>m[ 1 4 ] , m−>m[ 1 5 ]

) ;
355 }

// EOF
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/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2010 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 Matrix computations
===================================================================== ∗/

#i f n d e f MATRIX H
#de f i n e MATRIX H 1

10
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// data s t r u c t u r e s
s t r u c t vec3 { f l o a t v [ 3 ] ; } ;
s t r u c t vec4 { f l o a t v [ 4 ] ; } ;
s t r u c t vec5 { f l o a t v [ 5 ] ; } ;

15 s t r u c t mat3 { f l o a t m[ 3 ∗ 3 ] ; } ;
s t r u c t mat4 { f l o a t m[ 4 ∗ 4 ] ; } ;
s t r u c t mat5 { f l o a t m[ 5 ∗ 5 ] ; } ;

// copying
20 void vcopy3 ( s t r u c t vec3 ∗m, s t r u c t vec3 ∗x ) ;

void vcopy4 ( s t r u c t vec4 ∗m, s t r u c t vec4 ∗x ) ;
void vcopy5 ( s t r u c t vec5 ∗m, s t r u c t vec5 ∗x ) ;
void mcopy3 ( s t r u c t mat3 ∗m, s t r u c t mat3 ∗x ) ;
void mcopy4 ( s t r u c t mat4 ∗m, s t r u c t mat4 ∗x ) ;

25 void mcopy5 ( s t r u c t mat5 ∗m, s t r u c t mat5 ∗x ) ;

// ba s i c ope ra t i on s
void vsmul3 ( s t r u c t vec3 ∗m, s t r u c t vec3 ∗x , f l o a t y ) ;
void vsmul4 ( s t r u c t vec4 ∗m, s t r u c t vec4 ∗x , f l o a t y ) ;

30 void vsmul5 ( s t r u c t vec5 ∗m, s t r u c t vec5 ∗x , f l o a t y ) ;
void vsd iv3 ( s t r u c t vec3 ∗m, s t r u c t vec3 ∗x , f l o a t y ) ;
void vsd iv4 ( s t r u c t vec4 ∗m, s t r u c t vec4 ∗x , f l o a t y ) ;
void vsd iv5 ( s t r u c t vec5 ∗m, s t r u c t vec5 ∗x , f l o a t y ) ;

35 void vvadd3 ( s t r u c t vec3 ∗m, s t r u c t vec3 ∗x , s t r u c t vec3 ∗y ) ;
void vvadd4 ( s t r u c t vec4 ∗m, s t r u c t vec4 ∗x , s t r u c t vec4 ∗y ) ;
void vvadd5 ( s t r u c t vec5 ∗m, s t r u c t vec5 ∗x , s t r u c t vec5 ∗y ) ;
void vvsub3 ( s t r u c t vec3 ∗m, s t r u c t vec3 ∗x , s t r u c t vec3 ∗y ) ;
void vvsub4 ( s t r u c t vec4 ∗m, s t r u c t vec4 ∗x , s t r u c t vec4 ∗y ) ;

40 void vvsub5 ( s t r u c t vec5 ∗m, s t r u c t vec5 ∗x , s t r u c t vec5 ∗y ) ;

void vvmul4 ( s t r u c t vec4 ∗m, s t r u c t vec4 ∗x , s t r u c t vec4 ∗y ) ;
void vvdiv4 ( s t r u c t vec4 ∗m, s t r u c t vec4 ∗x , s t r u c t vec4 ∗y ) ;

45 void mvmul3( s t r u c t vec3 ∗v , s t r u c t mat3 ∗x , s t r u c t vec3 ∗y ) ;
void mvmul4( s t r u c t vec4 ∗v , s t r u c t mat4 ∗x , s t r u c t vec4 ∗y ) ;
void mvmul5( s t r u c t vec5 ∗v , s t r u c t mat5 ∗x , s t r u c t vec5 ∗y ) ;

void mmmul3( s t r u c t mat3 ∗m, s t r u c t mat3 ∗x , s t r u c t mat3 ∗y ) ;
50 void mmmul4( s t r u c t mat4 ∗m, s t r u c t mat4 ∗x , s t r u c t mat4 ∗y ) ;

void mmmul5( s t r u c t mat5 ∗m, s t r u c t mat5 ∗x , s t r u c t mat5 ∗y ) ;

// homogeneous matrix con s t ru c t i on
void i d en t i t y 3 ( s t r u c t mat3 ∗m) ;

55 void i d en t i t y 4 ( s t r u c t mat4 ∗m) ;
void i d en t i t y 5 ( s t r u c t mat5 ∗m) ;
void homogen4 ( s t r u c t mat4 ∗m, s t r u c t mat3 ∗x ) ;
void homogen5 ( s t r u c t mat5 ∗m, s t r u c t mat4 ∗x ) ;
void t r an s l a t e 4 ( s t r u c t mat4 ∗m, s t r u c t vec3 ∗v ) ;

60 void t r an s l a t e 5 ( s t r u c t mat5 ∗m, s t r u c t vec4 ∗v ) ;
void r o l l i n g b a l l 4 ( s t r u c t mat4 ∗m, f l o a t R, s t r u c t vec3 ∗v ) ;

// he lpe r f unc t i on s
f l o a t v length4 ( s t r u c t vec4 ∗x ) ;

65 f l o a t vd i s tance4 ( s t r u c t vec4 ∗x , s t r u c t vec4 ∗y ) ;
f l o a t vvdot4 ( s t r u c t vec4 ∗x , s t r u c t vec4 ∗y ) ;
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// debugging
void vpr int4 ( s t r u c t vec4 ∗m) ;

70 void mprint4 ( s t r u c t mat4 ∗m) ;

#end i f
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/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2008 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 Numeric Error Shader
===================================================================== ∗/

#inc lude ” u t i l . h”
#inc lude ” numer icer ror . h”

10 #inc lude ” numer icer ror . f r a g . c”

//======================================================================
// numeric e r r o r shader i n i t i a l i z a t i o n
s t r u c t numer icer ror ∗ nume r i c e r r o r i n i t (

15 s t r u c t numer icer ror ∗ numer icer ror
) {

i f ( ! numer icer ror ) { re turn 0 ; }
i f ( ! s h a d e r i n i t (&numericerror −>shader , 0 , numer i c e r r o r f r ag ) ) {

re turn 0 ;
20 }

shader uni form ( numericerror , t ex ture ) ;
shader uni form ( numericerror , dx ) ;
shader uni form ( numericerror , dy ) ;
numer icerror −>value . t ex ture = 0 ;

25 numericerror −>value . dx = 0 ;
numericerror −>value . dy = 0 ;
i f ( ! a r i thmet i cmean in i t (&numericerror −>arithmeticmean ) ) {

re turn 0 ;
}

30 glGenTextures (1 , &numericerror −>t ex ture ) ;
g lEnable (GL TEXTURE 2D) ;
glBindTexture (GL TEXTURE 2D, numericerror −>t ex ture ) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTURE MIN FILTER, GL NEAREST) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTURE MAG FILTER, GL NEAREST) ;

35 g lD i s ab l e (GL TEXTURE 2D) ;
numericerror −>width = 0 ;
numericerror −>he ight = 0 ;
numericerror −>c a l c = 0 ;
numericerror −>mean = 0 ;

40 re turn numer icer ror ;
}

//======================================================================
// numeric e r r o r shader reshape ca l l ba ck

45 void numer i c e r ro r r e shape (
s t r u c t numer icer ror ∗numericerror , i n t w, i n t h

) {
numericerror −>width = roundtwo (w) ;
numericerror −>he ight = roundtwo (h) ;
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50 numericerror −>value . dx = 1 .0 / numericerror −>width ;
numericerror −>value . dy = 1 .0 / numericerror −>he ight ;
g lEnable (GL TEXTURE 2D) ;
glBindTexture (GL TEXTURE 2D, numericerror −>t ex ture ) ;
glTexImage2D (GL TEXTURE 2D, 0 , GL RGBA32F ARB,

55 numericerror −>width , numericerror −>height , 0 , GL RGBA, GL FLOAT, 0
) ;
g lD i s ab l e (GL TEXTURE 2D) ;
ar i thmet icmean reshape(&numericerror −>arithmeticmean , w, h) ;

}
60

//======================================================================
// numeric e r r o r shader d i sp l ay ca l l ba ck
void numer i c e r r o r d i sp l ay (

s t r u c t numer icer ror ∗numericerror , GLuint fbo , GLuint t ex ture
65 ) {

i f ( numer icerror −>c a l c ) {
glEnable (GL TEXTURE 2D) ;
glBindTexture (GL TEXTURE 2D, t ex ture ) ;
//glBindFramebufferEXT (GL FRAMEBUFFER EXT, fbo ) ;

70 glFramebufferTexture2DEXT (
GL FRAMEBUFFER EXT, GL COLORATTACHMENT0 EXT, GL TEXTURE 2D,
numericerror −>texture , 0

) ;
glUseProgramObjectARB ( numericerror −>shader . program ) ;

75 shader update i ( numericerror , t ex ture ) ;
shader update f ( numericerror , dx ) ;
shader update f ( numericerror , dy ) ;
glMatrixMode (GL PROJECTION) ;
g lLoadIdent i ty ( ) ;

80 gluOrtho2D (0 , 1 , 0 , 1) ;
glMatrixMode (GLMODELVIEW) ;
g lLoadIdent i ty ( ) ;
g lViewport (0 , 0 , numer icerror −>width , numericerror −>he ight ) ;
g lBeg in (GL QUADS) ; { g lCo l o r 4 f ( 1 , 1 , 1 , 1 ) ;

85 glTexCoord2f (0 , 0) ; g lVe r t ex2 f (0 , 0) ;
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 ( ) ;
90 glUseProgramObjectARB (0) ;

//glBindFramebufferEXT (GL FRAMEBUFFER EXT, 0) ;
g lD i s ab l e (GL TEXTURE 2D) ;
ar i thmet i cmean d i sp lay (

&numericerror −>arithmeticmean , fbo , numericerror −>t ex ture
95 ) ;

numer icerror −>mean = numericerror −>arithmeticmean . r e s u l t [ 0 ] ;
numer icerror −>c a l c = 0 ;

}
}

100

//======================================================================
// numeric e r r o r shader i d l e c a l l b a ck
void nume r i c e r r o r i d l e ( s t r u c t numer icer ror ∗ numer icer ror ) {

ar i thmet i cmean id l e (&numericerror −>arithmeticmean ) ;
105 }

110



rdex-client src/numericerror.frag

// EOF

71 src/numericerror.frag

/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2008 Claude Heiland −Allen <claude@mathr . co . uk>
===================================================================== ∗/

5

uniform sampler2D texture ; // U := r , V := g , other channe l s ignored
uniform f l o a t dx ; // ho r i z on t a l d i s t anc e between t e x e l s
uniform f l o a t dy ; // v e r t i c a l d i s t ance between t e x e l s

10 void main ( void ) {
vec2 p = gl TexCoord [ 0 ] . s t ; // coo rd ina t e s
vec2 gx = texture2D ( texture , p + vec2 (−dx , 0 . 0 ) ) . rg // x−wards edge

+ texture2D ( texture , p + vec2 ( dx , 0 . 0 ) ) . rg
− texture2D ( texture , p + vec2 ( 0 . 0 , 0 . 0 ) ) . rg ∗ 2 . 0 ;

15 vec2 gy = texture2D ( texture , p + vec2 (0 .0 , −dy ) ) . rg // y−wards edge
+ texture2D ( texture , p + vec2 ( 0 . 0 , dy ) ) . rg
− texture2D ( texture , p + vec2 ( 0 . 0 , 0 . 0 ) ) . rg ∗ 2 . 0 ;

vec2 xy = texture2D ( texture , p + vec2 (−dx ,−dy ) ) . rg // xy−wards edge
+ texture2D ( texture , p + vec2 ( dx , dy ) ) . rg

20 − texture2D ( texture , p + vec2 ( 0 . 0 , 0 . 0 ) ) . rg ∗ 2 . 0 ;
vec2 yx = texture2D ( texture , p + vec2 ( dx , dy ) ) . rg // yx−wards edge

+ texture2D ( texture , p + vec2 (−dx ,−dy ) ) . rg
− texture2D ( texture , p + vec2 ( 0 . 0 , 0 . 0 ) ) . rg ∗ 2 . 0 ;

f l o a t e = sq r t ( dot ( gx , gx )+dot ( gy , gy )+dot (xy , xy )+dot (yx , yx ) ) ;
25 g l FragCo lor = vec4 ( e , e , e , 1 . 0 ) ; // t o t a l edges

}

72 src/numericerror.h

/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2008 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 Numeric Error Shader
===================================================================== ∗/

#i f n d e f NUMERICERRORH
#de f i n e NUMERICERRORH 1

10

#inc lude ” arithmeticmean . h”

//======================================================================
// numeric e r r o r shader data

15 s t r u c t numer icer ror { s t r u c t shader shader ;
s t r u c t { GLint t ex ture ; GLint dx ; GLint dy ; } uniform ;
s t r u c t { i n t t ex ture ; f l o a t dx ; f l o a t dy ; } value ;
s t r u c t arithmeticmean arithmeticmean ;
GLuint t ex ture ;

20 i n t width ;
i n t he ight ;
i n t c a l c ;
f l o a t mean ;
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} ;
25

//======================================================================
// prototypes
s t r u c t numer icer ror ∗ nume r i c e r r o r i n i t (

s t r u c t numer icer ror ∗ numer icer ror
30 ) ;

void numer i c e r ro r r e shape (
s t r u c t numer icer ror ∗numericerror , i n t w, i n t h

) ;
void numer i c e r r o r d i sp l ay (

35 s t r u c t numer icer ror ∗numericerror , GLuint fbo , GLuint t ex ture
) ;
void nume r i c e r r o r i d l e ( s t r u c t numer icer ror ∗ numer icer ror ) ;

#end i f

73 src/pfifo.c

/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2009 ,2010 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 pthread−based f i f o
===================================================================== ∗/

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

10 #inc lude ” p f i f o . h”

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

//======================================================================
15 // prototypes

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

//======================================================================
// c r ea t e a new f i f o with a consumer thread

20 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 ) {
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−>consumer = consumer ;

25 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 ) ) ;
p th r ead cond in i t (p−>nonempty , 0) ;

30 pthr ead c r ea t e (&(p−>thread ) , 0 , p f i f o consumerthread , p) ;
r e turn p ;

}

//======================================================================
35 // append to the f i f o , copying data

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) ;
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n−>l ength = length ;
40 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 ) ) ;

45 // i n t i = l i s t l e n g t h (&(p−> l i s t ) ) ;
pthread mutex unlock (p−>mutex ) ;
p th r ead cond s i gna l (p−>nonempty ) ;
// f p r i n t f ( s tde r r , ”\ndebug : p f i f o s i z e %d\n” , i ) ;

}
50

//======================================================================
// loop running consumer ca l l b a ck on each f i f o item , f r e e i n g data
void ∗ p f i f o consumer thread ( void ∗ f i f o ) {

s t r u c t p f i f o ∗p = f i f o ;
55 whi le (1 ) {

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

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

}
re turn 0 ;

65 }

// EOF

74 src/pfifo.h

/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2009 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 pthread−based f i f o
===================================================================== ∗/

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

10

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

15 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 ;
s i z e t l ength ;

20 void ∗data ;
} ;

s t r u c t p f i f o {
p f i f o consumer ∗consumer ;
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25 void ∗ consumerdata ;
s t r u c t l i s t l i s t ;
p thread t thread ;
pthread mutex t ∗mutex ;
pthread cond t ∗nonempty ;

30 } ;

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 ) ;
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 ) ;

35

#end i f

75 src/png2o.sh

#!/bin /bash
PNGFILE=”$ {1} . png”
PPMFILE=”$ {1} .ppm”
PGMFILE=”$ {1} .pgm”

5 RGBFILE=”$ {1} . rgb”
AFILE=”$ {1} . a”
RGBAFILE=”$ {1} . rgba”
OFILE=”$ {1} . o”
PNGSIZE=”$ ( i d e n t i f y − format ”%w” ”${PNGFILE}”) ”

10 pngtopnm ”${PNGFILE}” > ”${PPMFILE}”
pngtopnm −alpha ”${PNGFILE}” > ”${PGMFILE}”
t a i l −c ”$ ( ( 3∗${PNGSIZE}∗${PNGSIZE} ) ) ” ”${PPMFILE}” > ”${RGBFILE}”
t a i l −c ”$ ( ( 1∗${PNGSIZE}∗${PNGSIZE} ) ) ” ”${PGMFILE}” > ”${AFILE}”
. / i n t e r l e a v e 3 1 ”${RGBFILE}” ”${AFILE}” ”${PNGSIZE}” > ”${RGBAFILE}”

15 #objcopy −− input binary −−output e l f 3 2 − i 386 −−binary − a r c h i t e c t u r e i386 ”${⤦
Ç RGBAFILE}” ”${OFILE}”

objcopy −− input binary −−output e l f 6 4 −x86−64 −−binary − a r c h i t e c t u r e i386 ”${⤦
Ç RGBAFILE}” ”${OFILE}”

rm − f ”${PPMFILE}” ”${PGMFILE}” ”${RGBFILE}” ”${AFILE}” ”${RGBAFILE}”

76 src/projection pick.vert

/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2010 ,2011 ,2019 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 4D−>3D p ro j e c t i o n shader f o r b a l l p i ck ing
===================================================================== ∗/

// 4D pe r sp e c t i v e p r o j e c t i o n
uniform vec4 o r i g i n ;

10 uniform vec4 s c a l e ;
uniform mat4 ro t a t e ;
uniform vec4 t r a n s l a t e ;
uniform vec4 near ;
uniform vec4 f a r ;

15

// b i l l b o a r d i n g
a t t r i b u t e vec2 de l t a ;

vary ing f l o a t i gnor e ;
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20

void main ( void ) {
vec4 p0 = ro ta t e ∗ ( 0 . 5 ∗ s c a l e ∗ ( g l Ver t ex − o r i g i n ) ) ;
vec4 p = p0 + t r a n s l a t e ;
mat4 m = mat4 (

25 2 .0∗ near .w/( f a r . x − near . x ) , 0 . 0 , 0 . 0 , ( f a r . x + near . x ) /( f a r . x − near . x ) ,
0 . 0 , 2 .0∗ near .w/( f a r . y − near . y ) , 0 . 0 , ( f a r . y + near . y ) /( f a r . y − near . y ) ,
0 . 0 , 0 . 0 , 2 .0∗ near .w/( f a r . z − near . z ) , ( f a r . z + near . z ) /( f a r . z − near . z ) ,
0 . 0 , 0 . 0 , 0 . 0 , ( f a r .w + near .w) /( f a r .w − near .w)

) ;
30 f l o a t k = 2 .0 ∗ near .w ∗ f a r .w / ( f a r .w − near .w) ;

vec4 q = m ∗ p ;
q .w −= k ;
q /= p .w;
vec4 v = vec4 (10000 .0 , 10000 .0 , 10000 .0 , 1 . 0 ) ; // way o f f − s c r e en

35 f l o a t r2 = dot (p0 , p0 ) ∗ 0 . 5 ;
f l o a t s = 0 . 0 ;
i f ( r2 < 1 . 0 ) {

s = sq r t ( 1 . 0 − r2 ) ;
v = gl ModelViewProject ionMatr ix ∗ q ;

40 v . xy += de l t a ∗ s ;
i gno re = 0 . 0 ;

} e l s e {
i gno re = 1 . 0 ;

}
45 gl TexCoord [ 0 ] = gl MultiTexCoord0 ;

g l P o s i t i o n = v ;
}

77 src/projection.vert

/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2010 ,2011 ,2019 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 4D−>3D p ro j e c t i o n shader
===================================================================== ∗/

// 4D pe r sp e c t i v e p r o j e c t i o n
uniform vec4 o r i g i n ;

10 uniform vec4 s c a l e ;
uniform mat4 ro t a t e ;
uniform vec4 t r a n s l a t e ;
uniform vec4 near ;
uniform vec4 f a r ;

15

// b i l l b o a r d i n g
a t t r i b u t e vec2 de l t a ;

// sp inn ing orbs
20 a t t r i b u t e vec2 sp in ;

// b a l l p i ck ing
a t t r i b u t e f l o a t p ick ;

25 varying vec2 sp in2 ;
vary ing f l o a t s c a l e 2 ;
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varying f l o a t p ick2 ;

vary ing f l o a t i gnor e ;
30

void main ( void ) {
vec4 p0 = ro ta t e ∗ ( 0 . 5 ∗ s c a l e ∗ ( g l Ver t ex − o r i g i n ) ) ;
vec4 p = p0 + t r a n s l a t e ;
mat4 m = mat4 (

35 2 .0∗ near .w/( f a r . x − near . x ) , 0 . 0 , 0 . 0 , ( f a r . x + near . x ) /( f a r . x − near . x ) ,
0 . 0 , 2 .0∗ near .w/( f a r . y − near . y ) , 0 . 0 , ( f a r . y + near . y ) /( f a r . y − near . y ) ,
0 . 0 , 0 . 0 , 2 .0∗ near .w/( f a r . z − near . z ) , ( f a r . z + near . z ) /( f a r . z − near . z ) ,
0 . 0 , 0 . 0 , 0 . 0 , ( f a r .w + near .w) /( f a r .w − near .w)

) ;
40 f l o a t k = 2 .0 ∗ near .w ∗ f a r .w / ( f a r .w − near .w) ;

vec4 q = m ∗ p ;
q .w −= k ;
q /= p .w;
vec4 v = vec4 (10000 .0 , 10000 .0 , 10000 .0 , 1 . 0 ) ; // way o f f − s c r e en

45 f l o a t r2 = dot (p0 , p0 ) ∗ 0 . 5 ;
f l o a t s = 0 . 0 ;
i f ( r2 < 1 . 0 ) {

s = sq r t ( 1 . 0 − r2 ) ;
v = gl ModelViewProject ionMatr ix ∗ q ;

50 v . xy += de l t a ∗ s ;
i gno re = 0 . 0 ;

} e l s e {
i gno re = 1 . 0 ;

}
55 gl TexCoord [ 0 ] = gl MultiTexCoord0 ;

g l P o s i t i o n = v ;
sp in2 = sp in ;
s c a l e 2 = 2 .0 ∗ l ength ( de l t a ) ∗ s ;
p ick2 = pick ;

60 }

78 src/rdex.c

/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2008 ,2009 ,2010 ,2017 ,2019 Claude Heiland −Allen <claude@mathr . co . uk⤦

Ç >
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 Main Module
===================================================================== ∗/
#de f i n e DEFAULT SOURCE

#inc lude <math . h>
10 #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 <uni s td . h>
#inc lude ” rdex . h”

15

//======================================================================
// main module g l oba l mutable s t a t e
s t a t i c s t r u c t rdex rdex ;
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20 //======================================================================
// main module i n i t i a l i z a t i o n
i n t r d e x i n i t ( ) {

i n t nrt = 0 != getenv (”RDEXRENDER”) ;
memset(&rdex , 0 , s i z e o f ( rdex ) ) ;

25 glGenFramebuffersEXT (1 , &rdex . fbo ) ;
glClampColorARB( GL CLAMP VERTEX COLOR ARB , GL FALSE ) ;
glClampColorARB( GL CLAMP FRAGMENTCOLORARB, GL FALSE ) ;
glClampColorARB( GL CLAMP READ COLOR ARB , GL FALSE ) ;
i f ( ! r e a c t i o n d i f f u s i o n i n i t (&rdex . r e a c t i o n d i f f u s i o n ) ) { re turn 0 ; }

30 i f ( ! c opy squa r e i n i t (&rdex . copysquare ) ) { re turn 0 ; }
i f ( ! a r i thmet i cmean in i t (&rdex . arithmeticmean ) ) { re turn 0 ; }
i f ( ! n ume r i c e r r o r i n i t (&rdex . numer icer ror ) ) { re turn 0 ; }
i f ( ! d i f f e r e n c e i n i t (&rdex . d i f f e r e n c e ) ) { re turn 0 ; }
i f ( ! f a l s e c o l o u r i n i t (&rdex . f a l s e c o l o u r ) ) { re turn 0 ; }

35 i f ( ! l i b r a r y i n i t (&rdex . l i b r a ry , rdex . fbo ) ) { re turn 0 ; }
i f ( ! s c r e e n s h o t i n i t (&rdex . sc reenshot , nrt ) ) { re turn 0 ; }
i f ( ! a u d i o i n i t (&rdex . audio , nrt ) ) { re turn 0 ; }

// i f ( ! s e qu en c e i n i t (&rdex . sequence ) ) { re turn 0 ; }
i f ( ! i n t r o i n i t (&rdex . i n t r o ) ) { re turn 0 ; }

40 i f ( ! t i m e l i n e i n i t (&rdex . t ime l i n e ) ) { re turn 0 ; }
i f ( ! t e x t i n i t (&rdex . t ex t ) ) { re turn 0 ; }
rdex . s t a r t t ime = 0 ;
rdex . f u l l s c r e e n = 0 ;

// r e a c t i ond i f f u s i on spawn (&rdex . r e a c t i o n d i f f u s i o n ) ;
45 rdex . done = 0 ;

rdex . behaviour = ”none ” ;
#i f 1

rdex .mode = mode random ;
#e l s e

50 rdex .mode = mode textual ;
#end i f

rdex . nrt = nrt ;
r e turn 1 ;

}
55

//======================================================================
// main module reshape ca l l ba ck
void rdex reshape ( i n t w, i n t h) {

r e a c t i o n d i f f u s i o n r e s h a p e (&rdex . r e a c t i o nd i f f u s i o n , r d e x t e x s i z e , ⤦
Ç r d e x t e x s i z e ) ;

60 copysquare reshape (&rdex . copysquare , r d e x t e x s i z e , ⤦
Ç r d e x t e x s i z e ) ;

ar i thmet icmean reshape (&rdex . arithmeticmean , r d e x t e x s i z e , ⤦
Ç r d e x t e x s i z e ) ;

numer i c e r ro r r e shape (&rdex . numericerror , r d e x t e x s i z e , ⤦
Ç r d e x t e x s i z e ) ;

d i f f e r e n c e r e s h ap e (&rdex . d i f f e r e n c e , r d e x t e x s i z e , ⤦
Ç r d e x t e x s i z e ) ;

f a l s e c o l o u r r e s h a p e (&rdex . f a l s e c o l o u r , r d e x t e x s i z e , ⤦
Ç r d e x t e x s i z e ) ;

65 l i b r a r y r e s h ap e (&rdex . l i b r a ry , w, h) ;
s c r e en sho t r e shape (&rdex . sc reenshot , w, h) ;

// sequence re shape (&rdex . sequence , w, h) ;
i n t r o r e shap e (&rdex . in t ro , w, h) ;
t ex t r e shape (&rdex . text , w, h) ;

70 }
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//======================================================================
// main module d i sp l ay ca l l ba ck
void rd ex d i sp l ay ( ) {

75 i f ( rdex . t ime l i n e . s t a t e 1 != rdex . t ime l i n e . s t a t e ) {
switch ( rdex . t ime l i n e . s t a t e ) {

case t im e l i n e i n t r o 1 :
i n t r o s t a r t (&rdex . i n t r o ) ;
a ud i o s t a r t (&rdex . audio ) ;

80 break ;
case t im e l i n e i n t r o 2 :

rdex . l i b r a r y . phase = 0 ;
rdex . l i b r a r y . s t a t e = l i b r a r y s t a t e i n t r o ;
break ;

85 case t ime l ine main :
rdex . l i b r a r y . phase = 0 ;
rdex . l i b r a r y . s t a t e = l i b r a r y s t a t e a c t i v e ;
break ;

case t ime l i n e ou t r o :
90 rdex . l i b r a r y . phase = 0 ;

rdex . l i b r a r y . s t a t e = l i b r a r y s t a t e o u t r o ;
aud io s top (&rdex . audio ) ;
break ;

case t ime l i n e done :
95 rdex . l i b r a r y . phase = 0 ;

rdex . l i b r a r y . s t a t e = l i b r a r y s t a t e d on e ;
break ;

case t im e l i n e i d l e :
break ;

100 }
}
t ime l ine advance (&rdex . t ime l i n e ) ;
glBindFramebufferEXT (GL FRAMEBUFFER EXT, rdex . fbo ) ;
s c r e en sho t d i s p l a y1 (&rdex . s c r e en sho t ) ;

105 f o r ( i n t g = 0 ; g < rdex ove rd r i v e ; ++g ) {
r e a c t i o n d i f f u s i o n d i s p l a y (&rdex . r e a c t i o nd i f f u s i o n , rdex . fbo ) ;
i f ( g % 2 == 0) {

aud i o d i sp l ay1 (&rdex . audio , rdex . fbo , rdex .⤦
Ç r e a c t i o n d i f f u s i o n . texture , g / 2) ;

}
110 }

copysquare d i sp l ay (&rdex . copysquare , rdex . fbo , rdex .⤦
Ç r e a c t i o n d i f f u s i o n . t ex ture ) ;

a r i thmet i cmean d i sp lay (&rdex . arithmeticmean , rdex . fbo , rdex . copysquare ⤦
Ç . t ex tu re ) ;

numer i c e r r o r d i sp l ay (&rdex . numericerror , rdex . fbo , rdex .⤦
Ç r e a c t i o n d i f f u s i o n . t ex ture ) ;

d i f f e r e n c e d i s p l a y (&rdex . d i f f e r e n c e , rdex . fbo , rdex .⤦
Ç r e a c t i o n d i f f u s i o n . t ex ture ) ;

115 f a l s e c o l o u r d i s p l a y (&rdex . f a l s e c o l o u r , rdex . fbo , rdex .⤦
Ç r e a c t i o n d i f f u s i o n . t ex ture ) ;

l i b r a r y d i s p l a y s a v e (
&rdex . l i b r a ry ,
rdex . fbo ,
rdex . f a l s e c o l o u r . texture ,

120 rdex . r e a c t i o n d i f f u s i o n . texture ,
rdex . r e a c t i o n d i f f u s i o n . va lue . ru ,
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rdex . r e a c t i o n d i f f u s i o n . va lue . rv ,
rdex . r e a c t i o n d i f f u s i o n . va lue . f ,
rdex . r e a c t i o n d i f f u s i o n . va lue . k ,

125 ( rdex . r e a c t i o n d i f f u s i o n . frame / ( double ) (1 << 14) ) ∗
( rdex . r e a c t i o n d i f f u s i o n . frame / ( double ) (1 << 14) ) ,
rdex . behaviour

) ;
l i b r a r y d i s p l a y (&rdex . l i b r a ry , rdex . fbo , rdex . f a l s e c o l o u r .⤦

Ç t ex ture ) ;
130 i f ( rdex . l i b r a r y . p icked != −1) {

rdex . r e a c t i o n d i f f u s i o n . va lue . ru = rdex . l i b r a r y . array [ rdex . l i b r a r y . p icked ] . v⤦
Ç [ 0 ] ;

rdex . r e a c t i o n d i f f u s i o n . va lue . rv = rdex . l i b r a r y . array [ rdex . l i b r a r y . p icked ] . v⤦
Ç [ 1 ] ;

rdex . r e a c t i o n d i f f u s i o n . va lue . f = rdex . l i b r a r y . array [ rdex . l i b r a r y . p icked ] . v⤦
Ç [ 2 ] ;

rdex . r e a c t i o n d i f f u s i o n . va lue . k = rdex . l i b r a r y . array [ rdex . l i b r a r y . p icked ] . v⤦
Ç [ 3 ] ;

135 rdex . l i b r a r y . t a r g e t . v [ 0 ] = rdex . l i b r a r y . array [ rdex . l i b r a r y . p icked ] . v [ 0 ] ;
rdex . l i b r a r y . t a r g e t . v [ 1 ] = rdex . l i b r a r y . array [ rdex . l i b r a r y . p icked ] . v [ 1 ] ;
rdex . l i b r a r y . t a r g e t . v [ 2 ] = rdex . l i b r a r y . array [ rdex . l i b r a r y . p icked ] . v [ 2 ] ;
rdex . l i b r a r y . t a r g e t . v [ 3 ] = rdex . l i b r a r y . array [ rdex . l i b r a r y . p icked ] . v [ 3 ] ;
rdex . l i b r a r y . p icked = −1;

140 }

// s equence d i sp l ay (&rdex . sequence , &rdex . l i b r a ry , &rdex .⤦
Ç r e a c t i o nd i f f u s i o n , &rdex . audio ) ;

t e x t d i s p l a y (&rdex . t ex t ) ;
i n t r o d i s p l a y (&rdex . in t ro , 0 . 04 ) ; /∗ FIXME hardcoded frame ra t e ∗/

145 glutSwapBuf fers ( ) ;
aud i o d i sp l ay2 (&rdex . audio ) ;
s c r e en sho t d i s p l a y2 (&rdex . s c r e en sho t ) ;
rdex . frame += 1 ;
i n t r e s e ed = rdex . done ;

150 i f ( rdex . done ) {
f l o a t ru = 0 , rv = 0 , f = 0 , k = 0 , ru2 , rv2 , f2 , k2 ;
switch ( rdex .mode) {
case mode random : {

i n t i = 0 ;
155 f l o a t randomness = 1e6 ; / /16 . 0 ;

whi l e ( ! l i b r a r y p i c k (&rdex . l i b r a ry , &ru2 , &rv2 , &f2 , &k2 , randomness ) ) {
ru += ru2 ;
rv += rv2 ;
f += f2 ;

160 k += k2 ;
i += 1 ;

// randomness = 2 . 0 ;
}
i f ( i == 0) {

165 r e a c t i ond i f f u s i on r andom i z e (&rdex . r e a c t i o n d i f f u s i o n ) ;
} e l s e {

ru /= i ;
rv /= i ;
f /= i ;

170 k /= i ;
r e a c t i o n d i f f u s i o n n e a r (&rdex . r e a c t i o nd i f f u s i o n , ru , rv , f , k , 0 . 01 ) ;

}
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rdex . audio . sphase = 0 ;
} break ;

175 case mode textual : {
i f ( r e s e ed ) { rdex . r e a c t i o n d i f f u s i o n . frame = 0 ; }

} break ;
case mode sequence : {

i f ( r e s e ed ) { rdex . r e a c t i o n d i f f u s i o n . frame = 0 ; }
180 /∗

i f ( r e s e ed ) {
f l o a t randomness = 1 . 1 ;
i f ( ! l i b r a r y p i c k (&rdex . l i b r a ry , &ru , &rv , &f , &k , randomness ) ) {

rdex . loop [ rdex . loop index ] . v [ 0 ] = ru ;
185 rdex . loop [ rdex . loop index ] . v [ 1 ] = rv ;

rdex . loop [ rdex . loop index ] . v [ 2 ] = f ;
rdex . loop [ rdex . loop index ] . v [ 3 ] = k ;

} e l s e { // i f ( randomness ∗ rand ( ) / ( double ) RANDMAX < 1 . 0 ) {
rdex . loop [ rdex . loop index ] . v [ 0 ] = 0 .3 ∗ rand ( ) / ( double ) RANDMAX;

190 rdex . loop [ rdex . loop index ] . v [ 1 ] = 0 .3 ∗ rand ( ) / ( double ) RANDMAX;
rdex . loop [ rdex . loop index ] . v [ 2 ] = 0 .1 ∗ rand ( ) / ( double ) RANDMAX;
rdex . loop [ rdex . loop index ] . v [ 3 ] = 0 .1 ∗ rand ( ) / ( double ) RANDMAX;

}
}

195 ru = rdex . loop [ rdex . loop index ] . v [ 0 ] ;
rv = rdex . loop [ rdex . loop index ] . v [ 1 ] ;
f = rdex . loop [ rdex . loop index ] . v [ 2 ] ;
k = rdex . loop [ rdex . loop index ] . v [ 3 ] ;
i f ( r e s e ed ) {

200 r e a c t i o n d i f f u s i o n n e a r (&rdex . r e a c t i o nd i f f u s i o n , ru , rv , f , k , 0 . 001 ) ;
} e l s e {

rdex . r e a c t i o n d i f f u s i o n . va lue . ru = ru ;
rdex . r e a c t i o n d i f f u s i o n . va lue . rv = rv ;
rdex . r e a c t i o n d i f f u s i o n . va lue . f = f ;

205 rdex . r e a c t i o n d i f f u s i o n . va lue . k = k ;
}
f p r i n t f ( s tde r r , ”L\ t ”) ;

∗/
} break ;

210 }
rdex . l i b r a r y . wor ldsphere . d e l t a [ 0 ] = ( rand ( ) / ( double ) RANDMAX − 0 . 5 ) / ⤦

Ç 6 4 . 0 ;
rdex . l i b r a r y . wor ldsphere . d e l t a [ 1 ] = ( rand ( ) / ( double ) RANDMAX − 0 . 5 ) / ⤦

Ç 6 4 . 0 ;
rdex . done = 0 ;

}
215 g lutReportError s ( ) ;

i f ( rdex . l i b r a r y . s t a t e == l i b r a r y s t a t e a c t i v e )
rdex . audio . s t a t e = a u d i o s t a t e r o l l i n g ;

i f ( rdex . t ime l i n e . s t a t e == t im e l i n e i d l e )
t im e l i n e s t a r t (&rdex . t ime l i n e ) ;

220 }

//======================================================================
// main module e x i t c a l l b a ck
void r d e x a t e x i t ( void ) {

225 // /∗ not s a f e to c a l l at e x i t i t seems . . . ∗/
// i f ( glutGameModeGet (GLUTGAMEMODEACTIVE) ) {
// glutLeaveGameMode ( ) ;
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// }
aud i o a t e x i t (&rdex . audio ) ;

230 double t imee lapsed = ( double ) time (NULL) − ( double ) rdex . s t a r t t ime ;
f p r i n t f ( s tde r r , ”\n\n⤦

Ç −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−\⤦
Ç n”) ;

f p r i n t f ( s tde r r , ”−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−− s t a t i s t i c s ⤦
Ç −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−\n”) ;

f p r i n t f ( s tde r r , ⤦
Ç ”−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−\⤦
Ç n”) ;

f p r i n t f ( s tde r r , ”%10d seconds e lapsed (+/− 1) \n” , ( i n t ) t imee lapsed ) ;
235 f p r i n t f ( s tde r r , ”%10d frames rendered (%f fp s ) \n” , rdex . frame , rdex . frame / ⤦

Ç t imee lapsed ) ;
f p r i n t f ( s tde r r , ”%10d frames dropped\n” , ( i n t ) (25 ∗ t imee lapsed − rdex . frame )⤦

Ç ) ;
f p r i n t f ( s tde r r , ”%10d s p e c i e s analyzed (%f sps ) \n” , rdex . sp e c i e s , rdex . s p e c i e s⤦

Ç / t imee lapsed ) ;
f p r i n t f ( s tde r r , ” %6.2 f%% uniform (%d) \n” , 100 .0 ∗ rdex . uniform / (⤦

Ç double ) rdex . sp e c i e s , rdex . uniform ) ;
f p r i n t f ( s tde r r , ” %6.2 f%% s t ab l e (%d) \n” , 100 .0 ∗ rdex . s t ab l e / (⤦

Ç double ) rdex . sp e c i e s , rdex . s t ab l e ) ;
240 f p r i n t f ( s tde r r , ” %6.2 f%% dynamic (%d) \n” , 100 .0 ∗ rdex . dynamic / (⤦

Ç double ) rdex . sp e c i e s , rdex . dynamic ) ;
f p r i n t f ( s tde r r , ” %6.2 f%% e r r a t i c (%d) \n” , 100 .0 ∗ rdex . e r r a t i c / (⤦

Ç double ) rdex . sp e c i e s , rdex . e r r a t i c ) ;
f p r i n t f ( s tde r r , ⤦

Ç ”−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−\⤦
Ç n”) ;

f p r i n t f ( s tde r r , ” average frame time : %f seconds \n” , rdex . sumdt / rdex . sum1) ;
f p r i n t f ( s tde r r , ” standard dev i a t i on : %f \n” , s q r t ( rdex . sumdt2 / rdex . sum1 − ⤦

Ç pow( rdex . sumdt / rdex . sum1 , 2) ) ) ;
245 f p r i n t f ( s tde r r , ⤦

Ç ”−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−\⤦
Ç n”) ;

}

//======================================================================
// main module t imer ca l l ba ck

250 // void r d e x i d l e ( ) {
void rdex t imer ( i n t v ) {

// i n i t i a l i z e
i f ( rdex . s t a r t t ime == 0) {

255 rdex . s t a r t t ime = time (NULL) ;
rdex . frame = 0 ;
rdex . sum1 = 0 ;
rdex . sumdt = 0 ;
rdex . sumdt2 = 0 ;

260 a t e x i t ( r d e x a t e x i t ) ;
c l o ck ge t t ime (CLOCK REALTIME, &rdex . c l ock0 ) ;

}

// check i f the re are enough f r e e bu f f e r s to render a frame
265 i n t r = audio read ;

i n t w = aud io wr i t e ;
i f ( rdex . nrt | | (w < r && w + AUDIO COUNT < r ) | | ( r < w && w + AUDIO COUNT <⤦
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Ç r + AUDIO BUFFERS) ) {

f o r ( i n t g = 0 ; g < rdex ove rd r i v e ; ++g ) {
270 r e a c t i o n d i f f u s i o n i d l e (&rdex . r e a c t i o n d i f f u s i o n ) ;

}
copy squa r e i d l e (&rdex . copysquare ) ;
a r i thmet i cmean id l e (&rdex . arithmeticmean ) ;
nume r i c e r r o r i d l e (&rdex . numer icer ror ) ;

275 d i f f e r e n c e i d l e (&rdex . d i f f e r e n c e ) ;
f a l s e c o l o u r i d l e (&rdex . f a l s e c o l o u r ) ;
l i b r a r y i d l e (&rdex . l i b r a r y ) ;
s c r e e n s h o t i d l e (&rdex . s c r e en sho t ) ;
i f ( rdex . r e a c t i o n d i f f u s i o n . frame > ( rdex count ∗1) && rdex . arithmeticmean .⤦

Ç stddev < 0 . 01 ) {
280 // i f ( rdex . s p e c i e s % 32 == 0) {

// i f ( rdex . s p e c i e s ) { fputc ( ’ | ’ , s t d e r r ) ; }
// f p r i n t f ( s tde r r , ”\n%08x |” , rdex . s p e c i e s ) ;
// }

rdex . done = 1 ; //( rdex .mode == mode random) ;
285 rdex . s p e c i e s += 1 ;

rdex . uniform += 1 ;
rdex . behaviour = ”uniform ” ;

// rdex . l i b r a r y . snap = 1 ;
// f p r i n t f ( s tde r r , ” \ t%d” , rdex . r e a c t i o n d i f f u s i o n . frame ) ;

290 // r e a c t i ond i f f u s i on r andom i z e (&rdex . r e a c t i o n d i f f u s i o n ) ;
} e l s e i f ( rdex . r e a c t i o n d i f f u s i o n . frame % ( rdex count ∗2) == ( rdex count ∗1) ) {

rdex . numer icer ror . c a l c = 1 ;
} e l s e i f ( rdex . r e a c t i o n d i f f u s i o n . frame % ( rdex count ∗2) == ( rdex count ∗1) + ⤦

Ç rdex ove rd r i v e ) {
i f ( rdex . numer icer ror .mean > 0 . 2 ) {

295 // i f ( rdex . s p e c i e s % 32 == 0) {
// i f ( rdex . s p e c i e s ) { fputc ( ’ | ’ , s t d e r r ) ; }
// f p r i n t f ( s tde r r , ”\n%08x |” , rdex . s p e c i e s ) ;
// }

rdex . done = 1 ;
300 rdex . s p e c i e s += 1 ;

rdex . e r r a t i c += 1 ;
// f p r i n t f ( s tde r r , ” .\ t%d” , rdex . r e a c t i o n d i f f u s i o n . frame ) ;
// r e a c t i ond i f f u s i on r andom i z e (&rdex . r e a c t i o n d i f f u s i o n ) ;

}
305 } e l s e i f ( rdex . r e a c t i o n d i f f u s i o n . frame % ( rdex count ∗3) == ( rdex count ∗1) ) {

rdex . d i f f e r e n c e . snap = 1 ;
} e l s e i f ( rdex . r e a c t i o n d i f f u s i o n . frame % ( rdex count ∗3) == ( rdex count ∗2) ) {

rdex . d i f f e r e n c e . c a l c = 1 ;
} e l s e i f ( rdex . r e a c t i o n d i f f u s i o n . frame % ( rdex count ∗3) == ( rdex count ∗2) + ⤦

Ç rdex ove rd r i v e ) {
310 i f ( rdex . d i f f e r e n c e .mean < 0 .011 ) {

rdex . done = ( rdex .mode == mode random) ;
rdex . s p e c i e s += 1 ;
rdex . s t ab l e += 1 ;
rdex . behaviour = ” s t ab l e ” ;

315 rdex . l i b r a r y . snap = ( rdex .mode == mode random) ;
// f p r i n t f ( s tde r r , ”o\ t%d” , rdex . r e a c t i o n d i f f u s i o n . frame ) ;

} e l s e i f ( rdex . r e a c t i o n d i f f u s i o n . frame > 16000 && rdex .mode == mode random)⤦
Ç {

rdex . done = 1 ;
rdex . s p e c i e s += 1 ;
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320 rdex . dynamic += 1 ;
rdex . behaviour = ”dynamic ” ;
rdex . l i b r a r y . snap = ( rdex .mode == mode random) ;
// f p r i n t f ( s tde r r , ”∗\ t%d” , rdex . r e a c t i o n d i f f u s i o n . frame ) ;

}
325 }

/∗ e l s e i f ( rdex . r e a c t i o n d i f f u s i o n . frame == 14400) {
i f ( rdex . s p e c i e s % 32 == 0) {

i f ( rdex . s p e c i e s ) { fputc ( ’ | ’ , s t d e r r ) ; }
f p r i n t f ( s tde r r , ”\n%08x |” , rdex . s p e c i e s ) ;

330 }
rdex . s p e c i e s += 1 ;
i n t which = rdex . d i f f e r e n c e .mean < 0 . 0 1 ;
i f ( which ) { rdex . s t ab l e += 1 ; } e l s e { rdex . dynamic += 1 ; }
fputc ( which ? ’ o ’ : ’∗ ’ , s t d e r r ) ;

335 // r e a c t i o n d i f f u s i o n p e r t u r b (&rdex . r e a c t i o n d i f f u s i o n ) ;
r e a c t i ond i f f u s i on r andom i z e (&rdex . r e a c t i o n d i f f u s i o n ) ;

}
∗/

g lutPostRed i sp lay ( ) ;
340

// gather t iming s t a t i s t i c s
c l o ck ge t t ime (CLOCK REALTIME, &rdex . c l ock1 ) ;
double dt = ( rdex . c l ock1 . t v s e c − rdex . c l ock0 . t v s e c ) + 1 .0 e−9 ∗ ( rdex . c l ock1 .⤦

Ç tv n s e c − rdex . c l ock0 . tv n s e c ) ;
345 rdex . sum1 += 1 ;

rdex . sumdt += dt ;
rdex . sumdt2 += dt∗dt ;
c l o ck ge t t ime (CLOCK REALTIME, &rdex . c l ock0 ) ;

350 }

// s l e e p f o r 1ms and check again i f j ack i s ready
glutTimerFunc (1 , rdex t imer , v + 1) ;

355 }

void rdex pmotion ( i n t x , i n t y ) {
l i b ra ry pmot ion (&rdex . l i b r a ry , x , y ) ;

}
360

void rdex amotion ( i n t x , i n t y ) {
l i b ra ry amot i on (&rdex . l i b r a ry , x , y ) ;

}

365 void rdex mouse ( i n t button , i n t s ta te , i n t x , i n t y ) {
l i b ra ry mouse (&rdex . l i b r a ry , button , s ta te , x , y ) ;

}

void rdex keynormal ( unsigned char key , i n t x , i n t y ) {
370 re turn ;

i f ( text keynormal (&rdex . text , key , x , y ) ) {
i f ( key == ’ ’ ) {

s t r u c t l i b e l em ∗e = &rdex . l i b r a r y . array [ rand ( ) % ( rdex . l i b r a r y . count − 1)⤦
Ç ] ;

rdex . r e a c t i o n d i f f u s i o n . va lue . ru = e−>v [ 0 ] ;
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375 rdex . r e a c t i o n d i f f u s i o n . va lue . rv = e−>v [ 1 ] ;
rdex . r e a c t i o n d i f f u s i o n . va lue . f = e−>v [ 2 ] ;
rdex . r e a c t i o n d i f f u s i o n . va lue . k = e−>v [ 3 ] ;

}
r e a c t i o n d i f f u s i o n p e r t u r b (&rdex . r e a c t i o n d i f f u s i o n ) ;

380 } e l s e {
// i f ( ! sequence keynormal(&rdex . sequence , &rdex . l i b r a ry , key , x , y ) ) {

switch ( key ) {
case 27 : // escape

e x i t (0 ) ;
385 break ;

case 9 : // tab
t im e l i n e s t a r t (&rdex . t ime l i n e ) ;

// aud i o s t a r t (&rdex . audio ) ;
// i n t r o s t a r t (&rdex . i n t r o ) ;

390 break ;
case 127 : // d e l e t e

t ime l i n e s t op (&rdex . t ime l i n e ) ;
// aud io s top (&rdex . audio ) ;

// ou t r o s t a r t (&rdex . outro ) ;
395 break ;

d e f au l t :
break ;

}
}

400 }

void rd ex k ey sp e c i a l ( i n t key , i n t x , i n t y ) {
re turn ;
// i f ( ! s e quenc e k ey sp e c i a l (&rdex . sequence , &rdex . l i b r a ry , key , x , y ) ) {

405 i f ( ! t e x t k e y s p e c i a l (&rdex . text , key , x , y ) ) {
switch ( key ) {

de f au l t :
break ;

}
410 }

}

// EOF

79 src/rdex.ds

( begin

( i f ( i s ( app l i cat ion name ) ” rdex ”)
( begin

5 ( pin )
( undecorate )
( above )
( geometry ”1024 x768+0+0”)

)
10 )

( i f ( i s ( app l i cat ion name ) ”meterbr idge ”)
( begin

( geometry ”74x210+770+30”)
)

15 )
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( i f ( conta in s (window name ) ”JACK Audio Connection Kit [ ( d e f au l t ) ] ” )
( begin

( geometry ”500x110+860+30”)
)

20 )
( i f ( i s (window name ) ”Connections − JACK Audio Connection Kit ”)

( begin
( geometry ”500x210+860+160”)

)
25 )

( i f ( i s (window name ) ”JACK Rack ( rdex ) − rdex . j r ”)
( begin

( geometry ”500x160+860+400”)
)

30 )
( i f ( i s (window name ) ” top ”)

( begin
( geometry ”500x160+860+590”)

)
35 )

)

80 src/rdex.h

/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2008 ,2009 ,2010 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 Main Module
===================================================================== ∗/

#i f n d e f RDEX H
#de f i n e RDEX H 1

10

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

15 #inc lude ” r e a c t i o n d i f f u s i o n . h”
#inc lude ” copysquare . h”
#inc lude ” arithmeticmean . h”
#inc lude ” numer icer ror . h”
#inc lude ” d i f f e r e n c e . h”

20 #inc lude ” f a l s e c o l o u r . h”
#inc lude ” l i b r a r y . h”
#inc lude ” s c r e en sho t . h”
#inc lude ” audio . h”
#inc lude ” sequence . h”

25 #inc lude ” i n t r o . h”
#inc lude ” t ime l i n e . h”
#inc lude ” text . h”

//======================================================================
30 // c on f i gu r a t i on

#de f i n e r d e x t e x s i z e 256
// FIXME: breakage w i l l occur when rdex count % rdex ove rd r i v e != 0
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// FIXME: check audio when audioHz % videoHz != 0
// FIXME: check audio when ove rd r i v e % ( audioHz / videoHz ) != 0

35 #de f i n e rdex count 96
// FIXME optimal ove rd r i v e depends on sample ra t e !
// 14 ∗ 25 ∗ 126 = 44100
// 16 ∗ 25 ∗ 120 = 48000
#de f i n e rdex ove rd r i v e (AUDIO COUNT ∗ 2)

40 //#de f i n e rdex videoHz 33

enum rdex mode {
mode random = 100 , mode textual , mode sequence

} ;
45

//======================================================================
// main module data
s t r u c t rdex {

s t r u c t r e a c t i o n d i f f u s i o n r e a c t i o n d i f f u s i o n ;
50 s t r u c t copysquare copysquare ;

s t r u c t arithmeticmean arithmeticmean ;
s t r u c t numer icer ror numer icer ror ;
s t r u c t d i f f e r e n c e d i f f e r e n c e ;
s t r u c t f a l s e c o l o u r f a l s e c o l o u r ;

55 s t r u c t l i b r a r y l i b r a r y ;
s t r u c t s c r e en sho t s c r e en sho t ;
s t r u c t audio audio ;

// s t r u c t sequence sequence ;
s t r u c t i n t r o i n t r o ;

60 s t r u c t t ime l i n e t ime l i n e ;
s t r u c t t ex t t ext ;
GLuint fbo ;
t ime t s t a r t t ime ;
s t r u c t t imespec c lock0 , c l ock1 ;

65 unsigned i n t frame ;
unsigned i n t framedrops ;
unsigned i n t s p e c i e s ;
unsigned i n t uniform ;
unsigned i n t s t ab l e ;

70 unsigned i n t dynamic ;
unsigned i n t e r r a t i c ;
i n t done ;
i n t f u l l s c r e e n ;
char ∗behaviour ;

75 enum rdex mode mode ;
i n t nrt ;
// t iming s t a t i s t i c s
double sum1 , sumdt , sumdt2 ;

} ;
80

//======================================================================
// prototypes
i n t r d e x i n i t ( void ) ;
void rdex reshape ( i n t w, i n t h) ;

85 void rd ex d i sp l ay ( void ) ;
void r d e x a t e x i t ( void ) ;
void rdex t imer ( i n t v ) ;
// void r d e x i d l e ( ) ;
void rdex pmotion ( i n t x , i n t y ) ;
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90 void rdex amotion ( i n t x , i n t y ) ;
void rdex mouse ( i n t button , i n t s ta te , i n t x , i n t y ) ;
void rdex keynormal ( unsigned char key , i n t x , i n t y ) ;
void rd ex k ey sp e c i a l ( i n t key , i n t x , i n t y ) ;

95 #end i f

81 src/rdex-logo-128x128.ppm

82 src/rdex-logo-32x32.xpm

/∗ XPM ∗/
s t a t i c char ∗ rdex logo 32x32 xpm [ ] = {
”32 32 103 2” ,
” c None” ,

5 ” . c #352D0C” ,
”+ c #765F04” ,
”@ c #A38300 ” ,
”# c #B69200 ” ,
”$ c #A48300 ” ,

10 ”% c #776005” ,
”& c #372F0D” ,
”∗ c #221E0D” ,
”= c #927501” ,
”− c #F8C700” ,

15 ” ; c #FFCC00” ,
”> c #F9C700” ,
” , c #947701” ,
” ’ c #262314” ,
”) c #5C4B06” ,

20 ” ! c #E3B600” ,
”˜ c #CBA200” ,
”{ c #2B2610 ” ,
” ] c #252114” ,
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”ˆ c #9E7E01” ,
25 ”/ c #FECB00” ,

”( c #B49000 ” ,
” c #362D0B” ,
” : c #CFA500” ,
”< c #604E05” ,

30 ” [ c #44390D” ,
”} c #E5B700” ,
” | c #C49D00” ,
”1 c #6B5706 ” ,
”2 c #68550A” ,

35 ”3 c #AC8900” ,
”4 c #BB9600” ,
”5 c #44380B” ,
”6 c #EBBC00” ,
”7 c #EEBF00” ,

40 ”8 c #6D5804” ,
”9 c #977902” ,
”0 c #F5C400” ,
”a c #1B180D” ,
”b c #352B07” ,

45 ”c c #E6B800” ,
”d c #C8A000” ,
”e c #372E0B” ,
” f c #3A310E” ,
”g c #372F0E” ,

50 ”h c #26210D” ,
” i c #D4AA00” ,
” j c #A68400 ” ,
”k c #211E13” ,
” l c #201B07” ,

55 ”m c #30290B” ,
”n c #A98701 ” ,
”o c #6B5604 ” ,
”p c #EDBE00” ,
”q c #1B1A13” ,

60 ” r c #6A5605” ,
” s c #A18100 ” ,
” t c #0B0A05” ,
”u c #171408” ,
”v c #675406” ,

65 ”w c #F1C000” ,
”x c #A98800 ” ,
”y c #2D260A” ,
”z c #ECBD00” ,
”A c #F4C300” ,

70 ”B c #F1C100” ,
”C c #F6C500” ,
”D c #4E410C” ,
”E c #9C7D01” ,
”F c #927502” ,

75 ”G c #3E3308 ” ,
”H c #FCC900” ,
” I c #A58402 ” ,
”J c #A38301 ” ,
”K c #DFB300” ,

80 ”L c #6E5905 ” ,
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”M c #342C0C” ,
”N c #F8C600” ,
”O c #C7A000” ,
”P c #15130B” ,

85 ”Q c #806704” ,
”R c #A78600 ” ,
”S c #362C03” ,
”T c #E4B600” ,
”U c #A28200 ” ,

90 ”V c #D3A900” ,
”W c #4F410A” ,
”X c #372C02” ,
”Y c #3D330B” ,
”Z c #352B02” ,

95 ” ‘ c #745E06” ,
” . c #866B02” ,
” . . c #51430A” ,
”+. c #6E5A09” ,
”@. c #D6AB00” ,

100 ”#. c #1A1811” ,
”$ . c #7C650A” ,
”%. c #1D1A0E” ,
”&. c #C9A100” ,
”∗ . c #24200D” ,

105 ”=. c #6D5700” ,
”− . c #53440A” ,
” ” ,
” ” ,
” ” ,

110 ” ” ,
” . + @ # $ % & ” ,
” ∗ = − ; ; ; ; ; > , ’ ” ,
” ) ! ; ; ; ; ; ; ; ; ; ˜ { ” ,
” ] ˆ / ; ; ; ; ; ; ; ; ; ; ; ( ” ,

115 ” : ; ; ; ; ; ; ; ; ; ; ; ; ; ; < ” ,
” [ } ; ; ; ; ; ; | 1 2 3 ; ; ; ; ; 4 ” ,
” 5 6 ; ; ; ; ; 7 8 9 ; ; ; ; 0 a ” ,
” b c ; ; ; ; ; d e f ; ; ; ; ; g ” ,
” h i ; ; ; ; ; j k l ; ; ; ; ; m ” ,

120 ” n ; ; ; ; ; 9 o ; ; ; ; p q ” ,
” r ; ; ; ; ; s t u v w ; ; ; ; x ” ,
” y z ; ; ; ; ; A B B B B B B B C ; ; ; ; ; / D ” ,
” E ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; F ” ,
” G H ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; I ” ,

125 ” J ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; K L ” ,
” M N ; ; ; H | | | | | | | 6 ; ; ; ; ; O P ” ,
” Q ; ; ; ; R S T ; ; ; ; ; U ” ,
” V ; ; ; ; W X T ; ; ; ; ; U ” ,
” Y ; ; ; ; i Z T ; ; ; ; ; U ” ,

130 ” ‘ ; ; ; ; . X T ; ; ; ; ; U ” ,
” $ ; ; ; ; . . Z T ; ; ; ; ; +. ” ,
” @. ; ; ; C #. X T ; ; ; ; $ . ” ,
” %.C ; ; ; &. Z T ; ; ; $ . ” ,
” ∗ . $ $ $ $ =. X s $ $ −. ” ,

135 ” ” ,
” ” ,
” ” ,
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” ”} ;

83 src/reactiondiffusion.c

/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2008 ,2009 ,2010 ,2019 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 Reaction D i f f u s i on Shader
===================================================================== ∗/

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

10 #inc lude <math . h>
#inc lude ” u t i l . h”
#inc lude ” r e a c t i o n d i f f u s i o n . h”
#inc lude ” r e a c t i o n d i f f u s i o n . f r a g . c”

15 //======================================================================
// r ea c t i on d i f f u s i o n shader parameter randomizat ion
void r e a c t i ond i f f u s i on r andom i z e (

s t r u c t r e a c t i o n d i f f u s i o n ∗ r e a c t i o n d i f f u s i o n
) {

20 r e a c t i o nd i f f u s i o n −>value . ru = 0.3∗ rand ( ) / ( double ) RANDMAX + 0 . 0 0 1 ;
r e a c t i o nd i f f u s i o n −>value . rv = 0.3∗ rand ( ) / ( double ) RANDMAX + 0 . 0 0 1 ;
r e a c t i o nd i f f u s i o n −>value . f = 0 .1∗ rand ( ) / ( double ) RANDMAX + 0 . 0 0 1 ;
r e a c t i o nd i f f u s i o n −>value . k = 0.1∗ rand ( ) / ( double ) RANDMAX + 0 . 0 0 1 ;
r e a c t i o nd i f f u s i o n −>frame = 0 ;

25 #i f 0
f p r i n t f ( s tde r r , ”\n%f \ t%f \ t%f \ t%f \ t ” ,

r e a c t i o nd i f f u s i o n −>value . ru ,
r e a c t i o nd i f f u s i o n −>value . rv ,
r e a c t i o nd i f f u s i o n −>value . f ,

30 r e a c t i o nd i f f u s i o n −>value . k
) ;

#end i f
}
/∗

35 r e a c t i o nd i f f u s i o n −>spawnangle += 1.0 / 3 2 . 0 ;
double a = r e a c t i o nd i f f u s i o n −>spawnangle ;
r e a c t i o nd i f f u s i o n −>value . ru = ( cos ( sq r t (2 ) ∗ a ) ∗ 0 .5 + 0 . 5 ) ∗ 0 .01 + 0 . 1 5 ;
r e a c t i o nd i f f u s i o n −>value . rv = ( cos ( s q r t (3 ) ∗ a ) ∗ 0 .5 + 0 . 5 ) ∗ 0 .01 + 0 . 1 5 ;
r e a c t i o nd i f f u s i o n −>value . f = ( s i n ( sq r t (5 ) ∗ a ) ∗ 0 .5 + 0 . 5 ) ∗ 0 .01 + 0 . 0 0 1 ;

40 r e a c t i o nd i f f u s i o n −>value . k = ( s i n ( sq r t (7 ) ∗ a ) ∗ 0 .5 + 0 . 5 ) ∗ 0 .01 + 0 . 0 0 1 ;
∗/

void r e a c t i o n d i f f u s i o n n e a r (
s t r u c t r e a c t i o n d i f f u s i o n ∗ r e a c t i o nd i f f u s i o n , f l o a t ru , f l o a t rv , f l o a t f , ⤦

Ç f l o a t k , f l o a t d
45 ) {

r e a c t i o nd i f f u s i o n −>value . ru = ru + d ∗ 0 . 3∗ ( rand ( ) / ( double ) RANDMAX − 0 . 5 ) ;
r e a c t i o nd i f f u s i o n −>value . rv = rv + d ∗ 0 . 3∗ ( rand ( ) / ( double ) RANDMAX − 0 . 5 ) ;
r e a c t i o nd i f f u s i o n −>value . f = f + d ∗ 0 . 1∗ ( rand ( ) / ( double ) RANDMAX − 0 . 5 ) ;
r e a c t i o nd i f f u s i o n −>value . k = k + d ∗ 0 . 1∗ ( rand ( ) / ( double ) RANDMAX − 0 . 5 ) ;

50 r e a c t i o nd i f f u s i o n −>frame = 0 ;
f p r i n t f ( s tde r r , ”\n%f \ t%f \ t%f \ t%f \ t ” ,
r e a c t i o nd i f f u s i o n −>value . ru ,
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r e a c t i o nd i f f u s i o n −>value . rv ,
r e a c t i o nd i f f u s i o n −>value . f ,

55 r e a c t i o nd i f f u s i o n −>value . k
) ;

}

//======================================================================
60 // r e a c t i on d i f f u s i o n shader parameter pe r turbat i on

void r e a c t i o n d i f f u s i o n p e r t u r b (
s t r u c t r e a c t i o n d i f f u s i o n ∗ r e a c t i o n d i f f u s i o n

) {
r e a c t i o nd i f f u s i o n −>value . ru += 0.003 ∗ ( rand ( ) / ( double ) RANDMAX − 0 . 5 ) ;

65 r e a c t i o nd i f f u s i o n −>value . rv += 0.003 ∗ ( rand ( ) / ( double ) RANDMAX − 0 . 5 ) ;
r e a c t i o nd i f f u s i o n −>value . f += 0.003 ∗ ( rand ( ) / ( double ) RANDMAX − 0 . 5 ) ;
r e a c t i o nd i f f u s i o n −>value . k += 0.003 ∗ ( rand ( ) / ( double ) RANDMAX − 0 . 5 ) ;

#de f i n e c l i p (x ,m,M) ( ( x ) =(((x )<(m) ) ?(m) : ( ( ( x )>(M) ) ?(M) : ( x ) ) ) )
c l i p ( r e a c t i o nd i f f u s i o n −>value . ru , 0 . 0 , 0 . 3 ) ;

70 c l i p ( r e a c t i o nd i f f u s i o n −>value . rv , 0 . 0 , 0 . 3 ) ;
c l i p ( r e a c t i o nd i f f u s i o n −>value . f , 0 . 0 , 0 . 1 ) ;
c l i p ( r e a c t i o nd i f f u s i o n −>value . k , 0 . 0 , 0 . 1 ) ;

#undef c l i p
// r e a c t i o nd i f f u s i o n −>frame = 0 ;

75 }

//======================================================================
// r ea c t i on d i f f u s i o n shader i n i t i a l i z a t i o n
s t r u c t r e a c t i o n d i f f u s i o n ∗ r e a c t i o n d i f f u s i o n i n i t (

80 s t r u c t r e a c t i o n d i f f u s i o n ∗ r e a c t i o n d i f f u s i o n
) {

i f ( ! r e a c t i o n d i f f u s i o n ) { re turn 0 ; }
i f ( ! s h a d e r i n i t (

&r e a c t i o nd i f f u s i o n −>shader , 0 , r e a c t i o n d i f f u s i o n f r a g
85 ) ) {

re turn 0 ;
}
shader uni form ( r e a c t i o nd i f f u s i o n , t ex ture ) ;
shader uni form ( r e a c t i o nd i f f u s i o n , dx ) ;

90 shader uni form ( r e a c t i o nd i f f u s i o n , dy ) ;
shader uni form ( r e a c t i o nd i f f u s i o n , ru ) ;
shader uni form ( r e a c t i o nd i f f u s i o n , rv ) ;
shader uni form ( r e a c t i o nd i f f u s i o n , f ) ;
shader uni form ( r e a c t i o nd i f f u s i o n , k ) ;

95 r e a c t i o nd i f f u s i o n −>value . t ex ture = 0 ;
r e a c t i o nd i f f u s i o n −>value . dx = 0 ;
r e a c t i o nd i f f u s i o n −>value . dy = 0 ;
r e a c t i o nd i f f u s i o n −>spawnangle = 0 . 0 ;
r e a c t i o nd i f f u s i o n −>frame = 0 ;

100 r e a c t i ond i f f u s i on r andom i z e ( r e a c t i o n d i f f u s i o n ) ;
glGenTextures (2 , r e a c t i o nd i f f u s i o n −>t ex tu r e s ) ;
g lEnable (GL TEXTURE 2D) ;
glBindTexture (GL TEXTURE 2D, r e a c t i o nd i f f u s i o n −>t ex tu r e s [ 0 ] ) ;
g lTexParameteri (GL TEXTURE 2D, GL TEXTURE MIN FILTER, GL NEAREST) ;

105 glTexParameteri (GL TEXTURE 2D, GL TEXTURE MAG FILTER, GL NEAREST) ;
glBindTexture (GL TEXTURE 2D, r e a c t i o nd i f f u s i o n −>t ex tu r e s [ 1 ] ) ;
g lTexParameteri (GL TEXTURE 2D, GL TEXTURE MIN FILTER, GL NEAREST) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTURE MAG FILTER, GL NEAREST) ;
g lD i s ab l e (GL TEXTURE 2D) ;
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110 r e a c t i o nd i f f u s i o n −>bu f f e r = 0 ;
r e a c t i o nd i f f u s i o n −>width = 0 ;
r e a c t i o nd i f f u s i o n −>he ight = 0 ;
r e a c t i o nd i f f u s i o n −>seed = 60 ;
re turn r e a c t i o n d i f f u s i o n ;

115 }

//======================================================================
// r ea c t i on d i f f u s i o n shader reshape ca l l ba ck
void r e a c t i o n d i f f u s i o n r e s h a p e (

120 s t r u c t r e a c t i o n d i f f u s i o n ∗ r e a c t i o nd i f f u s i o n , i n t w, i n t h
) {

r e a c t i o nd i f f u s i o n −>width = roundtwo (w) ;
r e a c t i o nd i f f u s i o n −>he ight = roundtwo (h) ;
r e a c t i o nd i f f u s i o n −>value . dx = 1 .0 / r e a c t i o nd i f f u s i o n −>width ;

125 r e a c t i o nd i f f u s i o n −>value . dy = 1 .0 / r e a c t i o nd i f f u s i o n −>he ight ;
f l o a t ∗ zero = c a l l o c (1 , r e a c t i o nd i f f u s i o n −>width ∗ r e a c t i o nd i f f u s i o n −>he ight ∗⤦

Ç 2 ∗ s i z e o f ( f l o a t ) ) ;
g lEnable (GL TEXTURE 2D) ;
glBindTexture (GL TEXTURE 2D, r e a c t i o nd i f f u s i o n −>t ex tu r e s [ 0 ] ) ;
glTexImage2D (GL TEXTURE 2D, 0 , GL RG32F,

130 r e a c t i o nd i f f u s i o n −>width , r e a c t i o nd i f f u s i o n −>height ,
0 , GL RG, GL FLOAT, zero

) ;
glBindTexture (GL TEXTURE 2D, r e a c t i o nd i f f u s i o n −>t ex tu r e s [ 1 ] ) ;
glTexImage2D (GL TEXTURE 2D, 0 , GL RG32F,

135 r e a c t i o nd i f f u s i o n −>width , r e a c t i o nd i f f u s i o n −>height ,
0 , GL RG, GL FLOAT, zero

) ;
f r e e ( zero ) ;
g lD i s ab l e (GL TEXTURE 2D) ;

140 }

//======================================================================
// r ea c t i on d i f f u s i o n shader d i sp l ay ca l l b a ck
void r e a c t i o n d i f f u s i o n d i s p l a y (

145 s t r u c t r e a c t i o n d i f f u s i o n ∗ r e a c t i o nd i f f u s i o n , GLuint fbo
) {

glEnable (GL TEXTURE 2D) ;
glBindTexture (GL TEXTURE 2D,

r e a c t i o nd i f f u s i o n −>t ex tu r e s [ r e a c t i o nd i f f u s i o n −>bu f f e r ]
150 ) ;

//glBindFramebufferEXT (GL FRAMEBUFFER EXT, fbo ) ;
glFramebufferTexture2DEXT (

GL FRAMEBUFFER EXT, GL COLORATTACHMENT0 EXT, GL TEXTURE 2D,
r e a c t i o nd i f f u s i o n −>t ex tu r e s [ 1 − r e a c t i o nd i f f u s i o n −>bu f f e r ] , 0

155 ) ;
glUseProgramObjectARB ( r e a c t i o nd i f f u s i o n −>shader . program ) ;
shader update i ( r e a c t i o nd i f f u s i o n , t ex ture ) ;
shader update f ( r e a c t i o nd i f f u s i o n , dx ) ;
shader update f ( r e a c t i o nd i f f u s i o n , dy ) ;

160 shader update f ( r e a c t i o nd i f f u s i o n , ru ) ;
shader update f ( r e a c t i o nd i f f u s i o n , rv ) ;
shader update f ( r e a c t i o nd i f f u s i o n , f ) ;
shader update f ( r e a c t i o nd i f f u s i o n , k ) ;
glMatrixMode (GL PROJECTION) ;

165 g lLoadIdent i ty ( ) ;
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gluOrtho2D (0 , 1 , 0 , 1) ;
glMatrixMode (GLMODELVIEW) ;
g lLoadIdent i ty ( ) ;
g lViewport (0 , 0 , r e a c t i o nd i f f u s i o n −>width , r e a c t i o nd i f f u s i o n −>he ight ) ;

170 g lBeg in (GL QUADS) ; { g lCo l o r 4 f ( 1 , 1 , 1 , 1 ) ;
glTexCoord2f (0 , 0) ; g lVe r t ex2 f (0 , 0) ;
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) ;

175 } glEnd ( ) ;
glUseProgramObjectARB (0) ;
g lD i s ab l e (GL TEXTURE 2D) ;
i f ( r e a c t i o nd i f f u s i o n −>frame < r e a c t i o nd i f f u s i o n −>seed ) {

i f ( r e a c t i o nd i f f u s i o n −>frame == 0) {
180 g lBeg in (GL QUADS) ; {

g lCo l o r 4 f ( 0 . 5 , 0 . 5 , 0 . 5 , 1 ) ;
g lVe r t ex2 f (0 , 0) ;
g lVe r t ex2 f (1 , 0) ;
g lVe r t ex2 f (1 , 1) ;

185 g lVer t ex2 f (0 , 1) ;
} glEnd ( ) ;

}
glEnable (GLPOLYGONSMOOTH) ;
g lBeg in (GL QUADS) ; { f o r ( i n t q = 0 ; q < r e a c t i o nd i f f u s i o n −>seed − ⤦

Ç r e a c t i o nd i f f u s i o n −>frame ; ++q) {
190 f l o a t u = ( double ) rand ( ) / ( double ) RANDMAX;

f l o a t v = ( double ) rand ( ) / ( double ) RANDMAX;
g lCo l o r 4 f (u , v , 0 , 1 ) ; // (0 , 1 , 0 , 1 ) ;
f l o a t x = ( double ) rand ( ) / ( double ) RANDMAX;
f l o a t y = ( double ) rand ( ) / ( double ) RANDMAX;

195 f l o a t w = ( ( double ) rand ( ) / ( double ) RANDMAX − 0 . 5 ) / 1 6 . 0 ;
f l o a t h = ( ( double ) rand ( ) / ( double ) RANDMAX − 0 . 5 ) / 1 6 . 0 ;
f l o a t a = ( ( double ) rand ( ) / ( double ) RANDMAX) ∗ 2 .0 ∗ 3 .1415926 ;
f l o a t c = cos ( a ) ;
f l o a t s = s i n ( a ) ;

200 f o r ( i n t dx = −1; dx <= 1 ; dx += 1) {
f o r ( i n t dy = −1; dy <= 1 ; dy += 1) {

g lVer t ex2 f ( dx + x + w ∗ c + h ∗ s , dy + y + w ∗ −s + h ∗ c ) ;
g lVer t ex2 f ( dx + x + w ∗ c + h ∗ −s , dy + y + w ∗ −s + h ∗−c ) ;
g lVer t ex2 f ( dx + x + w ∗−c + h ∗ −s , dy + y + w ∗ s + h ∗−c ) ;

205 g lVer t ex2 f ( dx + x + w ∗−c + h ∗ s , dy + y + w ∗ s + h ∗ c ) ;
}

}
} } glEnd ( ) ;
g lD i s ab l e (GLPOLYGONSMOOTH) ;

210 }
//glBindFramebufferEXT (GL FRAMEBUFFER EXT, 0) ;
g lD i s ab l e (GL TEXTURE 2D) ;
r e a c t i o nd i f f u s i o n −>bu f f e r = 1 − r e a c t i o nd i f f u s i o n −>bu f f e r ;
r e a c t i o nd i f f u s i o n −>t ex ture =

215 r e a c t i o nd i f f u s i o n −>t ex tu r e s [ r e a c t i o nd i f f u s i o n −>bu f f e r ] ;
}

//======================================================================
// r ea c t i on d i f f u s i o n shader i d l e c a l l b a ck

220 void r e a c t i o n d i f f u s i o n i d l e (
s t r u c t r e a c t i o n d i f f u s i o n ∗ r e a c t i o n d i f f u s i o n
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) {
r e a c t i o nd i f f u s i o n −>frame += 1 ;

}
225

// EOF

84 src/reactiondiffusion.frag

/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2008 ,2009 Claude Heiland −Allen <claude@mathr . co . uk>
===================================================================== ∗/

5

uniform sampler2D texture ; // U := r , V := g , other channe l s ignored
uniform f l o a t dx ; // ho r i z on t a l d i s t anc e between t e x e l s
uniform f l o a t dy ; // v e r t i c a l d i s t ance between t e x e l s
uniform f l o a t ru ; // ra t e o f d i f f u s i o n o f U

10 uniform f l o a t rv ; // ra t e o f d i f f u s i o n o f V
uniform f l o a t f ; // some coup l ing parameter
uniform f l o a t k ; // another coup l ing parameter

void main ( void ) {
15 f l o a t c ent e r = −(4.0+4.0/ sq r t ( 2 . 0 ) ) ; // −1 ∗ other weights

f l o a t diag = 1.0/ sq r t ( 2 . 0 ) ; // weight f o r d i agona l s
vec2 p = gl TexCoord [ 0 ] . s t ; // cente r coo rd ina t e s
vec2 c = texture2D ( texture , p ) . rg ; // cente r va lue
vec2 l // compute Laplac ian

20 =(texture2D ( texture , p + vec2 (−dx ,−dy ) ) . rg
+ texture2D ( texture , p + vec2 ( dx ,−dy ) ) . rg
+ texture2D ( texture , p + vec2 (−dx , dy ) ) . rg
+ texture2D ( texture , p + vec2 ( dx , dy ) ) . rg ) ∗ diag
+ texture2D ( texture , p + vec2 (−dx , 0 . 0 ) ) . rg

25 + texture2D ( texture , p + vec2 ( dx , 0 . 0 ) ) . rg
+ texture2D ( texture , p + vec2 (0 .0 , −dy ) ) . rg
+ texture2D ( texture , p + vec2 ( 0 . 0 , dy ) ) . rg
+ c . rg ∗ cente r ;

f l o a t u = c . r ; // compute some temporary
30 f l o a t v = c . g ; // va lue s which might save

f l o a t lu = l . r ; // a few GPU cy c l e s
f l o a t lv = l . g ;
f l o a t uvv = u ∗ v ∗ v ;
//============================================================

35 f l o a t du = ru ∗ lu − uvv + f ∗ ( 1 . 0 − u) ; // Gray−Scott equat ion
f l o a t dv = rv ∗ l v + uvv − ( f + k ) ∗ v ; // d i f f u s i o n+−r e a c t i on
//============================================================
u += 0.6∗du ; // semi−a rb i t r a r y s c a l i n g ( reduces blow−ups ?)
v += 0.6∗dv ;

40 g l FragCo lor = vec4 ( clamp (u , 0 . 0 , 1 . 0 ) , clamp (v , 0 . 0 , 1 . 0 ) , 0 . 0 , 1 . 0 ) ; ⤦

Ç // output new (U,V)
}

85 src/reactiondiffusion.h

/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2008 ,2010 Claude Heiland −Allen <claude@mathr . co . uk>
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−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 Reaction D i f f u s i on Shader
===================================================================== ∗/

#i f n d e f REACTIONDIFFUSION H
#de f i n e REACTIONDIFFUSION H 1

10

#inc lude ” shader . h”

//======================================================================
// r ea c t i on d i f f u s i o n shader data

15 s t r u c t r e a c t i o n d i f f u s i o n { s t r u c t shader shader ;
s t r u c t { GLint t ex ture ; GLint dx , dy , ru , rv , f , k ; } uniform ;
s t r u c t { i n t t ex ture ; f l o a t dx , dy , ru , rv , f , k ; } value ;
GLuint t ex tu r e s [ 2 ] ;
GLuint t ex ture ;

20 i n t bu f f e r ;
i n t width ;
i n t he ight ;
i n t seed ;
i n t frame ;

25 double spawnangle ;
} ;

//======================================================================
// prototypes

30 void r e a c t i ond i f f u s i on r andom i z e (
s t r u c t r e a c t i o n d i f f u s i o n ∗ r e a c t i o n d i f f u s i o n

) ;
void r e a c t i o n d i f f u s i o n n e a r (

s t r u c t r e a c t i o n d i f f u s i o n ∗ r e a c t i o nd i f f u s i o n , f l o a t ru , f l o a t rv , f l o a t f , ⤦
Ç f l o a t k , f l o a t d

35 ) ;
void r e a c t i o n d i f f u s i o n p e r t u r b (

s t r u c t r e a c t i o n d i f f u s i o n ∗ r e a c t i o n d i f f u s i o n
) ;
s t r u c t r e a c t i o n d i f f u s i o n ∗ r e a c t i o n d i f f u s i o n i n i t (

40 s t r u c t r e a c t i o n d i f f u s i o n ∗ r e a c t i o n d i f f u s i o n
) ;
void r e a c t i o n d i f f u s i o n r e s h a p e (

s t r u c t r e a c t i o n d i f f u s i o n ∗ r e a c t i o nd i f f u s i o n , i n t w, i n t h
) ;

45 void r e a c t i o n d i f f u s i o n d i s p l a y (
s t r u c t r e a c t i o n d i f f u s i o n ∗ r e a c t i o nd i f f u s i o n , GLuint fbo

) ;
void r e a c t i o n d i f f u s i o n i d l e (

s t r u c t r e a c t i o n d i f f u s i o n ∗ r e a c t i o n d i f f u s i o n
50 ) ;

#end i f

86 src/s2c.sh

#!/bin /bash
echo ”/∗ machine−generated f i l e , do not ed i t ∗/”
echo ” s t a t i c const char $1 [ ] = \”#extens i on GL EXT gpu shader4 : enable \n\””
sed ’ s | / / . ∗ | | ’ |
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5 sed ’ s | ˆ | ” | ’ |
sed ’ s | $ | ” | ’
echo ” ;”

87 src/screenshot.c

/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2008 ,2010 ,2019 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 Screenshot Module
===================================================================== ∗/

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

10 #inc lude <s t r i n g . h>
#inc lude <GL/glew . h>
#inc lude ” s c r e en sho t . h”

//======================================================================
15 // s c r e en sho t data

s t r u c t s c r e en sho t da ta {
i n t width ;
i n t he ight ;
unsigned char ∗data ;

20 } ;

// background consumer
void s c r e enshot output ( s t r u c t s c r e en sho t ∗ sc reenshot , s i z e t s , s t r u c t ⤦

Ç s c r e en sho t da ta ∗ sd ) {
i f ( sd && sd−>data ) {

25 f p r i n t f ( stdout , ”P6\n%d %d 255\n” , sd−>width , sd−>he ight ) ;
f o r ( i n t y = sd−>he ight − 1 ; y >= 0 ; −−y ) {

fw r i t e ( sd−>data + y ∗ sd−>width ∗ 3 , sd−>width ∗ 3 , 1 , s tdout ) ;
}
f f l u s h ( stdout ) ;

30 f r e e ( sd−>data ) ;
}

}

//======================================================================
35 // s c r e en sho t module i n i t i a l i z a t i o n

s t r u c t s c r e en sho t ∗ s c r e e n s h o t i n i t ( s t r u c t s c r e en sho t ∗ sc reenshot , i n t nrt ) {
i f ( ! s c r e en sho t ) { re turn 0 ; }
sc reenshot −>nrt = nrt ;
s c reenshot −>r a t e = 1 ; // FIXME use environment va r i ab l e f o r t h i s

40 sc reenshot −>frame = 0 ;
sc reenshot −>width = 0 ;
sc reenshot −>he ight = 0 ;
sc reenshot −>bu f f e r = 0 ;
// fbo

45 // glGenFramebuffersEXT (1 , &screenshot −>fbo ) ;
// pbo
glGenBuffersARB (1 , &screenshot −>pbo ) ;
glBindBufferARB (GL PIXEL PACK BUFFER ARB, screenshot −>pbo ) ;
glBufferDataARB (GL PIXEL PACK BUFFER ARB, 1024 ∗ 768 ∗ 3 , 0 , ⤦

Ç GL STREAM READ ARB) ; // FIXME hardcoded

136



rdex-client src/screenshot.c

50 glBindBufferARB (GL PIXEL PACK BUFFER ARB, 0) ;
s c reenshot −>ready = 0 ;
// background output

#i f 0
sc reenshot −>queue = p f i f o c r e a t e ( ( p f i f o consumer ∗) s c reenshot output , ⤦

Ç s c r e en sho t ) ;
55 #end i f

r e turn s c r e en sho t ;
}

//======================================================================
60 // s c r e en sho t module d i sp l ay c a l l b a c k s

// save PBO data
void s c r e en sho t d i s p l a y1 ( s t r u c t s c r e en sho t ∗ s c r e en sho t ) {

65 i f ( ! s c reenshot −>ready ) { re turn ; }
glBindBufferARB (GL PIXEL PACK BUFFER ARB, screenshot −>pbo ) ;
unsigned char ∗p = glMapBufferARB(GL PIXEL PACK BUFFER ARB, GL READ ONLY ARB) ;
i f (p ) {

s t r u c t s c r e en sho t da ta sd ;
70 sd . width = screenshot −>width ;

sd . he ight = screenshot −>he ight ;
sd . data = mal loc ( sd . width ∗ sd . he ight ∗ 3) ;
memcpy( sd . data , p , sd . width ∗ sd . he ight ∗ 3) ;

#i f 0
75 p f i f o enqueue ( sc reenshot −>queue , s i z e o f ( s t r u c t s c r e en sho t da ta ) , &sd ) ;

#end i f
i f ( ! glUnmapBufferARB(GL PIXEL PACK BUFFER ARB) ) {

f p r i n t f ( s tde r r , ”unmap bu f f e r e r r o r \n”) ;
}

80 #i f 1
s c r e enshot output ( sc reenshot , s i z e o f ( s t r u c t s c r e en sho t da ta ) , &sd ) ;

#end i f
}
glBindBufferARB (GL PIXEL PACK BUFFER ARB, 0) ;

85 }

// copy frame to PBO and s t a r t download
void s c r e en sho t d i s p l a y2 ( s t r u c t s c r e en sho t ∗ s c r e en sho t ) {

i n t fp s = 25 ;
90 i n t r a t e = screenshot −>r a t e ;

i n t frame = screenshot −>frame ;
i n t per iod = 60 ∗ 60 ∗ f p s ∗ r a t e ; // 60 minutes
i n t i n t e r v a l = 5 ∗ 60 ∗ f p s ∗ r a t e ; // 5 minutes
i f ( s c reenshot −>nrt && ( frame % rat e ) == 0 && ( frame % per iod ) < i n t e r v a l ) {

95 // copy f ramebu f f e r to PBO
glBindBufferARB (GL PIXEL PACK BUFFER ARB, screenshot −>pbo ) ;
g lReadPixe l s (0 , 0 , s c reenshot −>width , sc reenshot −>height , GL RGB, ⤦

Ç GL UNSIGNED BYTE, 0) ;
glBindBufferARB (GL PIXEL PACK BUFFER ARB, 0) ;

/∗
100 g lReadPixe l s (0 , 0 , s c reenshot −>width , sc reenshot −>height , GL RGB, ⤦

Ç GL UNSIGNED BYTE, screenshot −>bu f f e r ) ;
f p r i n t f ( stdout , ”P6\n%d %d 255\n” , sc reenshot −>width , sc reenshot −>he ight ) ;
f o r ( i n t y = screenshot −>he ight − 1 ; y >= 0 ; −−y ) {

fw r i t e ( sc reenshot −>bu f f e r + y ∗ sc reenshot −>width ∗ 3 , sc reenshot −>width ∗⤦
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Ç 3 , 1 , s tdout ) ;
}

105 ∗/
screenshot −>ready = 1 ;

} e l s e {
sc reenshot −>ready = 0 ;

}
110 sc reenshot −>frame += 1 ;

}

//======================================================================
// sc r e en sho t module reshape ca l l ba ck

115 void s c r e en sho t r e shape ( s t r u c t s c r e en sho t ∗ sc reenshot , i n t w, i n t h) {
sc reenshot −>width = w;
screenshot −>he ight = h ;
i f ( s c reenshot −>bu f f e r ) f r e e ( sc reenshot −>bu f f e r ) ;
s c reenshot −>bu f f e r = mal loc (w ∗ h ∗ 3) ;

120 glBindBufferARB (GL PIXEL PACK BUFFER ARB, screenshot −>pbo ) ;
glBufferDataARB (GL PIXEL PACK BUFFER ARB, (w + 4) ∗ h ∗ 3 , 0 , ⤦

Ç GL STREAM READ ARB) ;
glBindBufferARB (GL PIXEL PACK BUFFER ARB, 0) ;

}

125 //======================================================================
// sc r e en sho t module i d l e c a l l b a ck
void s c r e e n s h o t i d l e ( s t r u c t s c r e en sho t ∗ s c r e en sho t ) {
}

130 // EOF

88 src/screenshot.h

/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2008 ,2010 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 Screenshot Module
===================================================================== ∗/

#i f n d e f SCREENSHOT H
#de f i n e SCREENSHOT H 1

10

#inc lude ” p f i f o . h”

//======================================================================
// sc r e en sho t module data

15 s t r u c t s c r e en sho t {
i n t nrt ;
i n t r a t e ;
i n t frame ;
i n t width ;

20 i n t he ight ;
char ∗ bu f f e r ;
GLuint pbo ;
i n t ready ;
s t r u c t p f i f o ∗queue ;

25 } ;
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//======================================================================
// prototypes
s t r u c t s c r e en sho t ∗ s c r e e n s h o t i n i t ( s t r u c t s c r e en sho t ∗ sc reenshot , i n t nrt ) ;

30 void s c r e en sho t d i s p l a y1 ( s t r u c t s c r e en sho t ∗ s c r e en sho t ) ;
void s c r e en sho t d i s p l a y2 ( s t r u c t s c r e en sho t ∗ s c r e en sho t ) ;
void s c r e en sho t r e shape ( s t r u c t s c r e en sho t ∗ sc reenshot , i n t w, i n t h) ;
void s c r e e n s h o t i d l e ( s t r u c t s c r e en sho t ∗ s c r e en sho t ) ;

35 #end i f

89 src/segment.c

/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2008 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 CPU−Based Image Segmentation
===================================================================== ∗/

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

10 #inc lude ”segment . h”
#inc lude ” u t i l . h”

#de f i n e SEGMENT LEVELS 4

15 s t r u c t segment edge {
i n t fx , fy , tx , ty ;
f l o a t w;

} ;

20 s t a t i c i n l i n e void segment weight ( s t r u c t segment edge ∗e , const s t r u c t image ∗ i )⤦
Ç {

e−>w = fabs ( I ( i , e−>fx , e−>fy , 0 )− I ( i , e−>tx , e−>ty , 0 ) )
+ fabs ( I ( i , e−>fx , e−>fy , 1 )− I ( i , e−>tx , e−>ty , 1 ) )
+ fabs ( I ( i , e−>fx , e−>fy , 2 )− I ( i , e−>tx , e−>ty , 2 ) ) ;

}
25

s t a t i c i n t segment compare ( const void ∗x , const void ∗y ) {
const s t r u c t segment edge ∗ e1 = x ;
const s t r u c t segment edge ∗ e2 = y ;
i f ( e1−>w < e2−>w) return −1;

30 i f ( e1−>w > e2−>w) return 1 ;
re turn 0 ;

}

s t r u c t segment component {
35 i n t de l e t ed ;

i n t merged ;
i n t s i z e ;
f l o a t d i f f ;

} ;
40

void segment ca l c ( s t r u c t segment ∗ s , const s t r u c t image ∗ i ) {
f l o a t th r e sho ld = 0 . 1 ;
f o r ( i n t b = 0 ; b < SEGMENTBUCKETS; ++b) {

139



rdex-client src/segment.c

s−>bucket [ b ] = 0 ;
45 }

i n t n = i−>width ∗ i−>he ight ;
i n t m = n ∗ 4 ;
s t r u c t segment edge ∗ edges = mal loc (m ∗ s i z e o f ( s t r u c t segment edge ) ) ;
i n t e = 0 ; // . . .

50 f o r ( i n t y = 0 ; y < i−>he ight ; ++y) { // . ox
f o r ( i n t x = 0 ; x < i−>width ; ++x) { // xxx

edges [ e ] . fx = x ; edges [ e ] . fy = y ; edges [ e ] . tx = (x + 1) % i−>width ; edges [ e⤦
Ç ] . ty = y ; segment weight(&edges [ e ] , i ) ; e++;

edges [ e ] . fx = x ; edges [ e ] . fy = y ; edges [ e ] . tx = x ; edges [ e ] . ty = (y + 1) % i⤦
Ç −>he ight ; segment weight(&edges [ e ] , i ) ; e++;

edges [ e ] . fx = x ; edges [ e ] . fy = y ; edges [ e ] . tx = (x + 1) % i−>width ; edges [ e⤦
Ç ] . ty = (y + 1) % i−>he ight ; segment weight(&edges [ e ] , i ) ; e++;

55 edges [ e ] . fx = x ; edges [ e ] . fy = y ; edges [ e ] . tx = (x − 1 + i−>width ) % i−>⤦
Ç width ; edges [ e ] . ty = (y + 1) % i−>he ight ; segment weight(&edges [ e ] , i )⤦
Ç ; e++;

}
}
qso r t ( edges , m, s i z e o f ( s t r u c t segment edge ) , segment compare ) ;
s t r u c t image ∗S = image a l l o c ( i−>width , i−>height , 1) ;

60 i n t k = 0 ;
f o r ( i n t y = 0 ; y < i−>he ight ; ++y) {
f o r ( i n t x = 0 ; x < i−>width ; ++x) {

I (S , x , y , 0 ) = k++;
}

65 }
s t r u c t segment component ∗components = mal loc (n ∗ s i z e o f ( s t r u c t ⤦

Ç segment component ) ) ;
f o r ( k = 0 ; k < n ; ++k) {

components [ k ] . d e l e t ed = 0 ;
components [ k ] . merged = −1;

70 components [ k ] . s i z e = 1 ;
components [ k ] . d i f f = 0 ;

}
f o r ( i n t q = 0 ; q < m; ++q) {

i n t c i = I (S , edges [ q ] . fx , edges [ q ] . fy , 0) ;
75 i n t c j = I (S , edges [ q ] . tx , edges [ q ] . ty , 0) ;

whi l e ( components [ c i ] . d e l e t ed ) { c i = components [ c i ] . merged ; }
whi le ( components [ c j ] . d e l e t ed ) { c j = components [ c j ] . merged ; }
i f ( c i != c j ) {

i f ( c i > c j ) { i n t t = c j ; c j = c i ; c i = t ; }
80 f l o a t d = fminf ( components [ c i ] . d i f f + thre sho ld / components [ c i ] . s i z e ,

components [ c j ] . d i f f + thre sho ld / components [ c j ] . s i z e ) ;
i f ( edges [ q ] .w <= d) {

components [ c i ] . s i z e += components [ c j ] . s i z e ;
components [ c i ] . d i f f = fmaxf ( fmaxf ( components [ c i ] . d i f f , components [ c j ] .⤦

Ç d i f f ) , edges [ q ] .w) ;
85 components [ c j ] . d e l e t ed = 1 ;

components [ c j ] . merged = c i ;
I (S , edges [ q ] . fx , edges [ q ] . fy , 0) = c i ;
I (S , edges [ q ] . tx , edges [ q ] . ty , 0) = c i ;

}
90 }

}
image f r e e (S) ; S = NULL;
f r e e ( edges ) ; edges = NULL;
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f o r ( i n t c = 0 ; c < n ; ++c ) {
95 i f ( ! components [ c ] . d e l e t ed ) {

i n t b = logtwo ( components [ c ] . s i z e ) ;
s−>bucket [ b ] += components [ c ] . s i z e ;

}
}

100 f r e e ( components ) ; components = NULL;
f o r ( i n t b = 0 ; b < SEGMENTBUCKETS; ++b) {

s−>bucket [ b ] /= n ;
}

}

90 src/segment.h

/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2008 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 CPU−Based Image Segmentation
===================================================================== ∗/

#i f n d e f SEGMENTH
#de f i n e SEGMENTH 1

10

#inc lude ” image . h”

#de f i n e SEGMENTBUCKETS 32
s t r u c t segment {

15 f l o a t bucket [SEGMENTBUCKETS] ;
} ;

void segment ca l c ( s t r u c t segment ∗ s , const s t r u c t image ∗ i ) ;

20 #end i f

91 src/sequence.c

/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2010 ,2019 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 Sequencer module
===================================================================== ∗/

#inc lude <math . h>
#inc lude <GL/glew . h>

10 #inc lude <GL/ g lu t . h>
#inc lude ” sequence . h”
#inc lude ” sequence . ve r t . c”
#inc lude ” sequence . f r a g . c”
#i f 0

15 s t r u c t sequence ∗ s e qu en c e i n i t ( s t r u c t sequence ∗ sequence ) {
i f ( ! s h a d e r i n i t (&sequence−>shader , s equence ver t , s equence f r ag ) ) {

re turn 0 ;
}
shader uni form ( sequence , t ex ture ) ;
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20 shader uni form ( sequence , pack ) ;
shader uni form ( sequence , s i z e ) ;
g l y p h s i n i t (&sequence−>glyphs ) ;
f o r ( i n t i = 0 ; i < SEQUENCE LENGTH; ++i ) {

sequence−>seq1 [ i ] . a c t i v e = 0 ;
25 sequence−>seq1 [ i ] . index = − ( i == 0) ;

sequence−>seq2 [ i ] . a c t i v e = 0 ;
sequence−>seq2 [ i ] . index = −1;
// p i t ch sequence
sequence−>p i t ch [ i ] . a c t i v e = 0 ;

30 sequence−>p i t ch [ i ] . p i t ch = 50 ;
}
sequence−>page = s eqpag e l i b r a r y ;
sequence−>s tep = 0 ;
sequence−>cur so r = 0 ;

35 sequence−>frame = 0 ;
re turn sequence ;

}

void sequence re shape ( s t r u c t sequence ∗ sequence , i n t w, i n t h) {
40 sequence−>width = w;

sequence−>he ight = h ;
}

void s equence d i sp l ay ( s t r u c t sequence ∗ sequence , s t r u c t l i b r a r y ∗ l i b r a ry , s t r u c t⤦
Ç r e a c t i o n d i f f u s i o n ∗ react , s t r u c t audio ∗ audio ) {

45 glBindFramebufferEXT (GL FRAMEBUFFER EXT, 0) ;

// r e a c t i on sequence
i f ( sequence−>seq1 [ sequence−>s tep ] . a c t i v e ) {

s t r u c t l i b e l em ∗e = &l i b r a ry −>array [ sequence−>seq1 [ sequence−>s tep ] . index ] ;
50 react −>value . ru = e−>v [ 0 ] ;

react −>value . rv = e−>v [ 1 ] ;
react −>value . f = e−>v [ 2 ] ;
react −>value . k = e−>v [ 3 ] ;

}
55

// p i t ch sequence
i f ( sequence−>p i t ch [ sequence−>s tep ] . a c t i v e ) {

audio−>p i t ch = sequence−>p i t ch [ sequence−>s tep ] . p i t ch ;
}

60

#i f 0
// curve / speed sequence
i f ( sequence−>frame == 0 && sequence−>seq2 [ sequence−>s tep ] . a c t i v e ) {

switch ( sequence−>seq2 [ sequence−>s tep ] . index ) {
65 case s e qu en c e cu r v e l e s s : audio−>dcurve = fmax ( audio−>dcurve − 1 . 0 , −1.0) ; ⤦

Ç break ;
case sequence curve more : audio−>dcurve = fmin ( audio−>dcurve + 1 . 0 , 1 . 0 ) ; ⤦

Ç break ;
case s e qu en c e s p e ed l e s s : audio−>dspeed = fmax ( audio−>dspeed − 1 . 0 , −1.0) ; ⤦

Ç break ;
case sequence speed more : audio−>dspeed = fmin ( audio−>dspeed + 1 . 0 , 1 . 0 ) ; ⤦

Ç break ;
d e f au l t : break ;

70 }
}
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i f ( sequence−>frame == 0) {
audio−>speed += audio−>dspeed ;
audio−>curve += audio−>dcurve ;

75 }
#end i f

glMatrixMode (GL PROJECTION) ;
g lLoadIdent i ty ( ) ;

80 glViewport (0 , 0 , sequence−>width , sequence−>he ight ) ;
gluOrtho2D (0 , sequence−>width , 0 , sequence−>he ight ) ;
glMatrixMode (GLMODELVIEW) ;
g lLoadIdent i ty ( ) ;

85 // sequence 1 : l i b r a r y b a l l s
g lEnable (GL TEXTURE 2D) ;
glBindTexture (GL TEXTURE 2D, l i b r a ry −>tex [ l i b r a ry −>which ] ) ;
g lTexParameteri (GL TEXTURE 2D, GL TEXTURE MIN FILTER, GL LINEAR) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTURE MAG FILTER, GL LINEAR) ;

90 glUseProgramObjectARB ( sequence−>shader . program ) ;
sequence−>a t t r . sp in = glGetAttribLocationARB ( sequence−>shader . program , ”⤦

Ç myspin0 ”) ;
// sequence−>a t t r . s tep = glGetAttribLocationARB ( sequence−>shader . program , ”⤦

Ç mystep0 ”) ;
sequence−>a t t r . cu r so r = glGetAttribLocationARB ( sequence−>shader . program , ”⤦

Ç mycursor0 ”) ;
sequence−>a t t r . a c t i v e = glGetAttribLocationARB ( sequence−>shader . program , ”⤦

Ç myactive0 ”) ;
95 sequence−>a t t r . p i t ch = glGetAttribLocationARB ( sequence−>shader . program , ”⤦

Ç mypitch0 ”) ;
sequence−>value . t ex ture = 0 ;
sequence−>value . pack = l i b r a r y pa ck ;
sequence−>value . s i z e = l i b r a r y p a c k e d s i z e ;
shader update i ( sequence , t ex ture ) ;

100 shader update f ( sequence , pack ) ;
shader update f ( sequence , s i z e ) ;
g lBeg in (GL QUADS) ; {

f o r ( i n t j = 0 ; j < SEQUENCE LENGTH; ++j ) {
f l o a t t = sequence−>s tep + sequence−>frame / 1 2 . 0 ;

105 f l o a t x0 = l i b r a ry −>width ∗ ( j + 0 . 5 ) / SEQUENCE LENGTH;
f l o a t y0 = l i b r a ry −>width ∗ 0 .5 / SEQUENCE LENGTH;
f l o a t d = 1 .0 / ( 0 . 3 + pow( fmin ( fmin ( fabs ( t − j ) , f abs ( t − j + ⤦

Ç SEQUENCE LENGTH) ) , f abs ( t − j − SEQUENCE LENGTH) ) /(SEQUENCE LENGTH⤦
Ç /2 . 0 ) , 0 . 5 ) ) ;

f l o a t dx = (0 . 75 + 0.25 ∗ d) ∗ y0 ;
f l o a t dy = (0 . 75 + 0.25 ∗ d) ∗ y0 ;

110 i n t i = sequence−>seq1 [ j ] . index ;
// g lVe r t exAt t r i b1 f ( sequence−>a t t r . step , j == sequence−>s tep ) ;

g lVe r t exAt t r i b1 f ( sequence−>a t t r . cursor , j == sequence−>cur so r ) ;
g lVe r t exAt t r i b1 f ( sequence−>a t t r . ac t ive , sequence−>seq1 [ j ] . a c t i v e ) ;
g lVe r t exAt t r i b1 f ( sequence−>a t t r . p itch , sequence−>p i t ch [ j ] . a c t i v e ? ⤦

Ç sequence−>p i t ch [ j ] . p i t ch / 5 : 0) ;
115 i f ( sequence−>seq1 [ j ] . a c t i v e ) {

g lVe r t exAt t r i b2 f ( sequence−>a t t r . spin , l i b r a ry −>array [ i ] . sp in [ 0 ] , l i b r a r y ⤦
Ç −>array [ i ] . sp in [ 1 ] ) ;

glTexCoord4f ( ( i % l i b r a r y pa ck ) / ( f l o a t ) l i b ra ry pack , ( ( i / ⤦
Ç l i b r a r y pa ck ) + 1) / ( f l o a t ) l i b ra ry pack , 0 , 1) ;

} e l s e {
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g lVe r t exAt t r i b2 f ( sequence−>a t t r . spin , 0 , 0) ;
120 glTexCoord4f ( −1 , −1 ,0 ,1) ;

}
g lVer t ex2 f ( x0 − dx , y0 + dy ) ;

// g lVe r t exAt t r i b1 f ( sequence−>a t t r . step , j == sequence−>s tep ) ;
g lVe r t exAt t r i b1 f ( sequence−>a t t r . cursor , j == sequence−>cur so r ) ;

125 g lVe r t exAt t r i b1 f ( sequence−>a t t r . ac t ive , sequence−>seq1 [ j ] . a c t i v e ) ;
g lVe r t exAt t r i b1 f ( sequence−>a t t r . p itch , sequence−>p i t ch [ j ] . a c t i v e ? ⤦

Ç sequence−>p i t ch [ j ] . p i t ch / 5 : 0) ;
i f ( sequence−>seq1 [ j ] . a c t i v e ) {

g lVe r t exAt t r i b2 f ( sequence−>a t t r . spin , l i b r a ry −>array [ i ] . sp in [ 0 ] , l i b r a r y ⤦
Ç −>array [ i ] . sp in [ 1 ] ) ;

glTexCoord4f ( ( ( i % l i b r a r y pa ck ) + 1) / ( f l o a t ) l i b ra ry pack , ( ( i / ⤦
Ç l i b r a r y pa ck ) + 1) / ( f l o a t ) l i b ra ry pack , 1 , 1) ;

130 } e l s e {
g lVe r t exAt t r i b2 f ( sequence−>a t t r . spin , 0 , 0) ;
glTexCoord4f ( −1 , −1 ,1 ,1) ;

}
g lVer t ex2 f ( x0 + dx , y0 + dy ) ;

135 // g lVe r t exAt t r i b1 f ( sequence−>a t t r . step , j == sequence−>s tep ) ;
g lVe r t exAt t r i b1 f ( sequence−>a t t r . cursor , j == sequence−>cur so r ) ;
g lVe r t exAt t r i b1 f ( sequence−>a t t r . ac t ive , sequence−>seq1 [ j ] . a c t i v e ) ;
g lVe r t exAt t r i b1 f ( sequence−>a t t r . p itch , sequence−>p i t ch [ j ] . a c t i v e ? ⤦

Ç sequence−>p i t ch [ j ] . p i t ch / 5 : 0) ;
i f ( sequence−>seq1 [ j ] . a c t i v e ) {

140 g lVe r t exAt t r i b2 f ( sequence−>a t t r . spin , l i b r a ry −>array [ i ] . sp in [ 0 ] , l i b r a r y ⤦
Ç −>array [ i ] . sp in [ 1 ] ) ;

glTexCoord4f ( ( ( i % l i b r a r y pa ck ) + 1) / ( f l o a t ) l i b ra ry pack , ( i / ⤦
Ç l i b r a r y pa ck ) / ( f l o a t ) l i b ra ry pack , 1 , 0) ;

} e l s e {
g lVe r t exAt t r i b2 f ( sequence−>a t t r . spin , 0 , 0) ;
glTexCoord4f ( −1 , −1 ,1 ,0) ;

145 }
g lVer t ex2 f ( x0 + dx , y0 − dy ) ;

// g lVe r t exAt t r i b1 f ( sequence−>a t t r . step , j == sequence−>s tep ) ;
g lVe r t exAt t r i b1 f ( sequence−>a t t r . cursor , j == sequence−>cur so r ) ;
g lVe r t exAt t r i b1 f ( sequence−>a t t r . ac t ive , sequence−>seq1 [ j ] . a c t i v e ) ;

150 g lVe r t exAt t r i b1 f ( sequence−>a t t r . p itch , sequence−>p i t ch [ j ] . a c t i v e ? ⤦
Ç sequence−>p i t ch [ j ] . p i t ch / 5 : 0) ;

i f ( sequence−>seq1 [ j ] . a c t i v e ) {
g lVe r t exAt t r i b2 f ( sequence−>a t t r . spin , l i b r a ry −>array [ i ] . sp in [ 0 ] , l i b r a r y ⤦

Ç −>array [ i ] . sp in [ 1 ] ) ;
glTexCoord4f ( ( i % l i b r a r y pa ck ) / ( f l o a t ) l i b ra ry pack , ( i / ⤦

Ç l i b r a r y pa ck ) / ( f l o a t ) l i b ra ry pack , 0 , 0) ;
} e l s e {

155 g lVe r t exAt t r i b2 f ( sequence−>a t t r . spin , 0 , 0) ;
glTexCoord4f ( −1 , −1 ,0 ,0) ;

}
g lVer t ex2 f ( x0 − dx , y0 − dy ) ;

}
160 } glEnd ( ) ;

glUseProgramObjectARB (0) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTURE MIN FILTER, GL NEAREST) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTURE MAG FILTER, GL NEAREST) ;

165 #i f 0
// sequence 2 : speed / curve c on t r o l s

144



rdex-client src/sequence.c

glEnable (GL BLEND) ;
glBlendFunc (GL SRC ALPHA, GL ONE MINUS SRC ALPHA) ;
f o r ( i n t j = 0 ; j < SEQUENCE LENGTH; ++j ) {

170 i f ( sequence−>seq2 [ j ] . a c t i v e ) {
glBindTexture (GL TEXTURE 2D, sequence−>glyphs . t ex tu r e s [ sequence−>seq2 [ j ] .⤦

Ç index ] ) ;
g lBeg in (GL QUADS) ; {

f l o a t t = sequence−>s tep + sequence−>frame / 1 2 . 0 ;
f l o a t x0 = l i b r a ry −>width ∗ ( j + 0 . 5 ) / SEQUENCE LENGTH;

175 f l o a t y0 = 32 ;
f l o a t d = 1 .0 / ( 0 . 3 + pow( fmin ( fmin ( fabs ( t − j ) , f abs ( t − j + ⤦

Ç SEQUENCE LENGTH) ) , f abs ( t − j − SEQUENCE LENGTH) ) /(SEQUENCE LENGTH⤦
Ç /2 . 0 ) , 0 . 5 ) ) ;

f l o a t dx = 24 + 8 ∗ d ;
f l o a t dy = 24 + 8 ∗ d ;
g lCo l o r 4 f ( 1 , 1 , 1 , 1 ) ;

180 glTexCoord2f (0 , 0) ; g lVe r t ex2 f ( x0 + dx , y0 + dy ) ;
glTexCoord2f (0 , 1) ; g lVe r t ex2 f ( x0 + dx , y0 − dy ) ;
glTexCoord2f (1 , 1) ; g lVe r t ex2 f ( x0 − dx , y0 − dy ) ;
glTexCoord2f (1 , 0) ; g lVe r t ex2 f ( x0 − dx , y0 + dy ) ;

} glEnd ( ) ;
185 }

}
g lD i s ab l e (GL BLEND) ;

#end i f

190 glBindTexture (GL TEXTURE 2D, 0) ;
g lD i s ab l e (GL TEXTURE 2D) ;
i f (++sequence−>frame == 12) {

sequence−>frame = 0 ;
i f (++sequence−>s tep == SEQUENCE LENGTH) {

195 sequence−>s tep = 0 ;
}

}

}
200

i n t sequence keynormal ( s t r u c t sequence ∗ sequence , s t r u c t l i b r a r y ∗ l i b r a ry , i n t ⤦
Ç key , i n t x , i n t y ) {

switch ( key ) {
/∗

case ’ [ ’ :
205 switch ( sequence−>page ) {

case seqpage curves :
sequence−>seq2 [ sequence−>cur so r ] . index = s equ en c e cu r v e l e s s ;
sequence−>seq2 [ sequence−>cur so r ] . a c t i v e = 1 ;
re turn 1 ;

210 de f au l t :
r e turn 0 ;

}
case ’ ] ’ :

switch ( sequence−>page ) {
215 case seqpage curves :

sequence−>seq2 [ sequence−>cur so r ] . index = sequence curve more ;
sequence−>seq2 [ sequence−>cur so r ] . a c t i v e = 1 ;
re turn 1 ;

d e f au l t :
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220 re turn 0 ;
}

∗/
case ’ ’ :

switch ( sequence−>page ) {
225 case s e qpag e l i b r a r y :

sequence−>seq1 [ sequence−>cur so r ] . a c t i v e = 0 ;
sequence−>seq1 [ sequence−>cur so r ] . index = −1;
re turn 1 ;

case seqpage curves :
230 sequence−>seq2 [ sequence−>cur so r ] . a c t i v e = 0 ;

sequence−>seq2 [ sequence−>cur so r ] . index = −1;
re turn 1 ;

}

235 // p i t ch sequence
#de f i n e P( c , p) \

case c : sequence−>p i t ch [ sequence−>cur so r ] . p i t ch = p ; sequence−>p i t ch [⤦
Ç sequence−>cur so r ] . a c t i v e = 1 ; re turn 1

P( ’ 7 ’ , 80) ; P( ’ 8 ’ , 85) ; P( ’ 9 ’ , 90) ; P( ’ 0 ’ , 95) ; P( ’ − ’ , 100) ;
P( ’ u ’ , 60) ; P( ’ i ’ , 65) ; P( ’ o ’ , 70) ; P( ’ p ’ , 75) ;

240 P( ’ j ’ , 40) ; P( ’ k ’ , 45) ; P( ’ l ’ , 50) ; P( ’ ; ’ , 55) ;
P( ’m’ , 20) ; P( ’ , ’ , 25) ; P( ’ . ’ , 30) ; P( ’ / ’ , 35) ;

#undef P
case ’n ’ : sequence−>p i t ch [ sequence−>cur so r ] . a c t i v e = 0 ; re turn 1 ;

245 de f au l t :
r e turn 0 ;

}
}

250 i n t s equenc e k ey sp e c i a l ( s t r u c t sequence ∗ sequence , s t r u c t l i b r a r y ∗ l i b r a ry , i n t ⤦
Ç key , i n t x , i n t y ) {

switch ( key ) {
case GLUT KEY LEFT:

sequence−>cur so r = ( sequence−>cur so r + SEQUENCE LENGTH − 1) % ⤦
Ç SEQUENCE LENGTH;

return 1 ;
255 case GLUT KEY RIGHT:

sequence−>cur so r = ( sequence−>cur so r + 1) % SEQUENCE LENGTH;
return 1 ;

case GLUT KEY UP:
switch ( sequence−>page ) {

260 case s e qpag e l i b r a r y :
sequence−>seq1 [ sequence−>cur so r ] . index = rand ( ) % l i b r a ry −>count ;
sequence−>seq1 [ sequence−>cur so r ] . a c t i v e = 1 ;
break ;

case seqpage curves :
265 sequence−>seq2 [ sequence−>cur so r ] . index = sequence speed more ;

sequence−>seq2 [ sequence−>cur so r ] . a c t i v e = 1 ;
break ;

}
re turn 1 ;

270 case GLUTKEYDOWN:
switch ( sequence−>page ) {
case s e qpag e l i b r a r y :

sequence−>seq1 [ sequence−>cur so r ] . a c t i v e = 0 ;

146



rdex-client src/sequence.frag

sequence−>seq1 [ sequence−>cur so r ] . index = −1;
275 break ;

case seqpage curves :
sequence−>seq2 [ sequence−>cur so r ] . index = s equ en c e s p e ed l e s s ;
sequence−>seq2 [ sequence−>cur so r ] . a c t i v e = 1 ;
break ;

280 }
re turn 1 ;

case GLUT KEY PAGE UP:
sequence−>page = s eqpag e l i b r a r y ;
r e turn 1 ;

285 case GLUTKEYPAGEDOWN:
sequence−>page = seqpage curves ;
r e turn 1 ;

d e f au l t :
r e turn 0 ;

290 }
}
#end i f

92 src/sequence.frag

/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2008 ,2010 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 Sphere shader f o r sequencer
===================================================================== ∗/

uniform sampler2D texture ;
uniform f l o a t pack ;

10 uniform f l o a t s i z e ;

vary ing vec2 myspin2 ;
vary ing f l o a t mycursor2 ;
// vary ing f l o a t mystep2 ;

15 varying f l o a t myactive2 ;
vary ing f l o a t mypitch2 ;

void main ( void ) {
vec2 p = gl TexCoord [ 0 ] . xy ; // f l o a t in [ 0 . . 1 ]

20 vec2 q0 = gl TexCoord [ 0 ] . zw ;
vec2 q1 = 3 .0 ∗ ( q0 − vec2 ( 0 . 5 , 0 . 5 ) ) ;
f l o a t d = dot ( q1 , q1 ) ;
i f (d < 1 .0 && 0.0 < myactive2 ) {

vec3 n = normal ize ( vec3 ( q1 , s q r t (1.0 −d) ) ) ;
25 vec2 q = q1 / ( 1 . 0 + sq r t ( 1 . 0 − d) ) ;

vec2 q2 = 0 .5 ∗ q + myspin2 ;
vec2 c e l l = f l o o r (p ∗ pack ) ; // i n t in [ 0 . . ( pack −1) ]
// vec2 f r a c = p ∗ pack − c e l l ; // f l o a t in [ 0 . . 1 ]
// vec2 f r a c = vec2 ( 0 . 0 , 0 . 0 ) ;

30 vec2 f r a c = q2 ;
f r a c −= f l o o r ( f r a c ) ;
// FIXME check the r a t i o − maybe ( s i z e /pack ) / ( s i z e /pack + 2) in s t ead ?
f r a c −= vec2 ( 0 . 5 , 0 . 5 ) ;
f r a c ∗= ( s i z e / pack − 2 . 0 ) / ( s i z e / pack ) ;

35 f r a c += vec2 ( 0 . 5 , 0 . 5 ) ;

147



rdex-client src/sequence.h

vec2 px0 = f l o o r ( f r a c ∗ s i z e / pack ) ; // p i x e l s
vec2 px1 = px0 + vec2 ( 1 . 0 , 1 . 0 ) ; // p i x e l s
// coo rd ina t e s to i n t e r p o l a t e
vec2 p0 = c e l l / pack + px0 / s i z e ;

40 vec2 p1 = c e l l / pack + px1 / s i z e ;
vec2 dp = f r a c ;
// l i n e a r i n t e r p o l a t i o n
vec3 t l = texture2D ( texture , p0 ) . rgb ;
vec3 t r = texture2D ( texture , vec2 ( p1 . x , p0 . y ) ) . rgb ;

45 vec3 b l = texture2D ( texture , vec2 ( p0 . x , p1 . y ) ) . rgb ;
vec3 br = texture2D ( texture , p1 ) . rgb ;
vec3 t = t l ∗ ( 1 . 0 − dp . x ) + dp . x ∗ t r ;
vec3 b = bl ∗ ( 1 . 0 − dp . x ) + dp . x ∗ br ;
vec3 l = t l ∗ ( 1 . 0 − dp . y ) + dp . y ∗ bl ;

50 vec3 r = t r ∗ ( 1 . 0 − dp . y ) + dp . y ∗ br ;
vec3 m1 = t ∗ ( 1 . 0 − dp . y ) + dp . y ∗ b ;
vec3 m2 = l ∗ ( 1 . 0 − dp . x ) + dp . x ∗ r ;
vec3 m = 0.5 ∗ (m1 + m2) ;
// output

55 f l o a t a = 1 . 0 ;
f l o a t k = gl FragCoord . z − 0 .1 ∗ cos ( sq r t (d) ∗ 3 .1415926∗0 .5 ) ;
f l o a t c = 0.0625 + pow( dot ( vec3 ( 0 . 0 , 0 . 0 , 1 . 0 ) , n ) , 2 . 0 ) ;
gl FragDepth = k ;
g l FragCo lor = vec4 (m ∗ c , a ) ;

60 } e l s e i f ( abs (d − 1 . 3 ) < 0 .3 && 0.0 < mycursor2 ) {
f l o a t c = 1 .0 − abs (d − 1 . 3 ) / 0 . 3 ;
f l o a t a = f r a c t ( ( atan ( q1 . y , q1 . x ) / (3 .1415926 ∗ 2 . 0 ) + 0 . 5 ) ∗ mypitch2 ) < ⤦

Ç 0 .5 ? 1 .0 : 0 . 0 ;
gl FragDepth = gl FragCoord . z ;
g l FragCo lor = vec4 ( 0 . 0 , a ∗ c∗c , 0 . 0 , c∗c ) ;

65 } e l s e {
d i s ca rd ;

}
}
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/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2010 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 Sequencer module
===================================================================== ∗/

#i f n d e f SEQUENCE H
#de f i n e SEQUENCE H 1

10

#inc lude ” shader . h”
#inc lude ” l i b r a r y . h”
#inc lude ” r e a c t i o n d i f f u s i o n . h”
#inc lude ” audio . h”

15 #inc lude ” glyphs . h”

#de f i n e SEQUENCE LENGTH 16

s t r u c t seqelem {
20 i n t a c t i v e ; // i s t h i s s tep going to change th ing s
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i n t index ; // index f o r t h i s s tep
} ;

enum sequence page { s eqpage l i b r a ry , s eqpage curves } ;
25

s t r u c t sequence { s t r u c t shader shader ;
s t r u c t {

GLint texture , pack , s i z e ; // fragment
} uniform ;

30 s t r u c t {
i n t t ex ture ; f l o a t pack , s i z e ; // fragment

} value ;
s t r u c t {

GLint spin , cursor , step , ac t ive , p i t ch ; // ver tex
35 } a t t r ;

s t r u c t seqelem seq1 [SEQUENCE LENGTH] ; // l i b r a r y index

s t r u c t { i n t a c t i v e ; f l o a t p i t ch ; } p i t ch [SEQUENCE LENGTH] ; // p i t ch sequence

40 s t r u c t g lyphs glyphs ;
s t r u c t seqelem seq2 [SEQUENCE LENGTH] ; // curve / speed c on t r o l s
enum sequence page page ;
i n t s tep ;
i n t cur so r ;

45 i n t frame ;
i n t width ;
i n t he ight ;

} ;

50 s t r u c t sequence ∗ s e qu en c e i n i t ( s t r u c t sequence ∗ sequence ) ;
void sequence re shape ( s t r u c t sequence ∗ sequence , i n t w, i n t h) ;
void s equence d i sp l ay ( s t r u c t sequence ∗ sequence , s t r u c t l i b r a r y ∗ l i b r a ry , s t r u c t⤦

Ç r e a c t i o n d i f f u s i o n ∗ react , s t r u c t audio ∗ audio ) ;
i n t sequence keynormal ( s t r u c t sequence ∗ sequence , s t r u c t l i b r a r y ∗ l i b r a ry , i n t ⤦

Ç key , i n t x , i n t y ) ;
i n t s equenc e k ey sp e c i a l ( s t r u c t sequence ∗ sequence , s t r u c t l i b r a r y ∗ l i b r a ry , i n t ⤦

Ç key , i n t x , i n t y ) ;
55

#end i f

94 src/sequence.vert

/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2010 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 Sequence ver tex shader
===================================================================== ∗/

a t t r i b u t e vec2 myspin0 ;
// a t t r i b u t e f l o a t mystep0 ;

10 a t t r i b u t e f l o a t mycursor0 ;
a t t r i b u t e f l o a t myactive0 ;
a t t r i b u t e f l o a t mypitch0 ;

vary ing vec2 myspin2 ;
15 // varying f l o a t mystep2 ;
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varying f l o a t mycursor2 ;
vary ing f l o a t myactive2 ;
vary ing f l o a t mypitch2 ;

20 void main ( void ) {
gl TexCoord [ 0 ] = gl MultiTexCoord0 ;
g l P o s i t i o n = gl ModelViewProject ionMatr ix ∗ g l Ver t ex ;
myspin2 = myspin0 ;

// mystep2 = mystep0 ;
25 mycursor2 = mycursor0 ;

myactive2 = myactive0 ;
mypitch2 = mypitch0 ;

}

95 src/shader.c

/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2008 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 Generic Shader
===================================================================== ∗/

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

10 #inc lude ” shader . h”

//======================================================================
// pr in t a shader object ’ s debug log
void shader debug (GLhandleARB obj ) {

15 // return ; // FIXME: only dump l og s when shader compi le / l i n k f a i l e d
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 ) ;
20 } e l s e {

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

25 re turn ;
}
i f ( g l I sShade r ( obj ) ) {

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

30 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 ) ;
}

35 f r e e ( in foLog ) ;
}

//======================================================================
// gene r i c shader uniform l o c a t i o n ac c e s s macro

40 #de f i n e shader uni form ( s e l f , name) \
( s e l f )−>uniform . name = \
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glGetUniformLocationARB ( ( s e l f )−>shader . program , #name)

//======================================================================
45 // g ene r i c shader uniform update a c c e s s macro ( i n t e g e r )

#de f i n e shader update i ( s e l f , name) \
glUniform1iARB ( ( s e l f )−>uniform . name , ( s e l f )−>value . name)

//======================================================================
50 // g ene r i c shader uniform update a c c e s s macro ( f l o a t )

#de f i n e shader update f ( s e l f , name) \
glUniform1fARB ( ( s e l f )−>uniform . name , ( s e l f )−>value . name)

//======================================================================
55 // g ene r i c shader i n i t i a l i z a t i o n

s t r u c t shader ∗ s h a d e r i n i t (
s t r u c t shader ∗ shader , const char ∗vert , const char ∗ f r a g

) {
i f ( ! shader ) { re turn 0 ; }

60 shader−> l i n kS t a tu s = 0 ;
shader−>vertexSource = ver t ;
shader−>f ragmentSource = f r ag ;
i f ( shader−>vertexSource | | shader−>f ragmentSource ) {

shader−>program = glCreateProgramObjectARB ( ) ;
65 i f ( shader−>vertexSource ) {

shader−>ver tex =
glCreateShaderObjectARB (GL VERTEX SHADER ARB) ;

glShaderSourceARB ( shader−>vertex ,
1 , ( const GLcharARB ∗∗) &shader−>vertexSource , 0

70 ) ;
glCompileShaderARB ( shader−>ver tex ) ;
shader debug ( shader−>ver tex ) ;
glAttachObjectARB ( shader−>program , shader−>ver tex ) ;

}
75 i f ( shader−>f ragmentSource ) {

shader−>fragment =
glCreateShaderObjectARB (GL FRAGMENT SHADERARB) ;

glShaderSourceARB ( shader−>fragment ,
1 , ( const GLcharARB ∗∗) &shader−>fragmentSource , 0

80 ) ;
glCompileShaderARB ( shader−>fragment ) ;
shader debug ( shader−>fragment ) ;
glAttachObjectARB ( shader−>program , shader−>fragment ) ;

}
85 glLinkProgramARB( shader−>program ) ;

shader debug ( shader−>program ) ;
glGetObjectParameterivARB ( shader−>program ,

GL OBJECT LINK STATUS ARB, &shader−> l i n kS t a tu s
) ;

90 i f ( ! shader−> l i n kS t a tu s ) { re turn 0 ; }
} e l s e { re turn 0 ; }
re turn shader ;

}

96 src/shader.h

/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
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Copyright (C) 2008 ,2010 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 Generic Shader
===================================================================== ∗/

#i f n d e f SHADER H
#de f i n e SHADER H 1

10

#inc lude <GL/glew . h>

//======================================================================
// gene r i c shader data

15 s t r u c t shader {
GLint l i nkS t a tu s ;
GLhandleARB program ;
GLhandleARB fragment ;
GLhandleARB vertex ;

20 const GLcharARB ∗ f ragmentSource ;
const GLcharARB ∗ vertexSource ;

} ;

//======================================================================
25 // g ene r i c shader uniform l o c a t i o n ac c e s s macro

#de f i n e shader uni form ( s e l f , name) \
( s e l f )−>uniform . name = \

glGetUniformLocationARB ( ( s e l f )−>shader . program , #name)

30 //======================================================================
// gene r i c shader uniform update a c c e s s macro ( i n t e g e r )
#de f i n e shader update i ( s e l f , name) \

glUniform1iARB ( ( s e l f )−>uniform . name , ( s e l f )−>value . name)

35 //======================================================================
// gene r i c shader uniform update a c c e s s macro ( f l o a t )
#de f i n e shader update f ( s e l f , name) \

glUniform1fARB ( ( s e l f )−>uniform . name , ( s e l f )−>value . name)

40 //======================================================================
// gene r i c shader uniform update a c c e s s macro ( f l o a t 2 )
#de f i n e shader update f2 ( s e l f , name) \

glUniform2fARB ( ( s e l f )−>uniform . name , ( s e l f )−>value . name [ 0 ] , ( s e l f )−>value . name⤦
Ç [ 1 ] )

45 //======================================================================
// gene r i c shader uniform update a c c e s s macro ( f l o a t 4 )
#de f i n e shader update f4 ( s e l f , name) \

glUniform4fARB ( ( s e l f )−>uniform . name , ( s e l f )−>value . name [ 0 ] , ( s e l f )−>value . name⤦
Ç [ 1 ] , ( s e l f )−>value . name [ 2 ] , ( s e l f )−>value . name [ 3 ] )

50 //======================================================================
// gene r i c shader uniform update a c c e s s macro ( matrix4 )
#de f i n e shader updatem4 ( s e l f , name) \

glUniformMatrix4fvARB ( ( s e l f )−>uniform . name , 1 , 0 , &(( s e l f )−>value . name [ 0 ] ) )

55 //======================================================================
// gene r i c shader i n i t i a l i z a t i o n
s t r u c t shader ∗ s h a d e r i n i t (
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s t r u c t shader ∗ shader , const char ∗vert , const char ∗ f r a g
) ;

60

#end i f

97 src/svg2o.sh

#!/bin /bash
SVGFILE=”$ {1} . svg ”
PNGFILE=”$ {1} . png”
PPMFILE=”$ {1} .ppm”

5 PGMFILE=”$ {1} .pgm”
RGBFILE=”$ {1} . rgb”
AFILE=”$ {1} . a”
RGBAFILE=”$ {1} . rgba”
OFILE=”$ {1} . o”

10 rsvg −convert ”${SVGFILE}” > ”${PNGFILE}”
pngtopnm ”${PNGFILE}” > ”${PPMFILE}”
pngtopnm −alpha ”${PNGFILE}” > ”${PGMFILE}”
t a i l −c 49152 ”${PPMFILE}” > ”${RGBFILE}”
t a i l −c 16384 ”${PGMFILE}” > ”${AFILE}”

15 . / i n t e r l e a v e 3 1 ”${RGBFILE}” ”${AFILE}” 128 > ”${RGBAFILE}”
#objcopy −− input binary −−output e l f 3 2 − i 386 −−binary − a r c h i t e c t u r e i386 ”${⤦

Ç RGBAFILE}” ”${OFILE}”
objcopy −− input binary −−output e l f 6 4 −x86−64 −−binary − a r c h i t e c t u r e i386 ”${⤦

Ç RGBAFILE}” ”${OFILE}”
rm − f ”${PNGFILE}” ”${PPMFILE}” ”${PGMFILE}” ”${RGBFILE}” ”${AFILE}” ”${RGBAFILE⤦

Ç }”

98 src/tamura.c

/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2008 ,2017 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 Based on : f i r e −2.2/ FeatureExtractors / tamurafeature . cpp
Homepage : http ://www− i 6 . i n f o rmat ik . rwth−aachen . de/˜ d e s e l a e r s / f i r e /
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Tumara Feature Extract ion
===================================================================== ∗/

10

#de f i n e DEFAULT SOURCE 1

#inc lude <a s s e r t . h>
#inc lude <math . h>

15 #inc lude ”tamura . h”

f l o a t tamura coarseness (
s t r u c t tamura ∗tamura , s t r u c t image ∗ image , i n t channel

) ;
20 f l o a t t amura d i r e c t i o n a l i t y (

s t r u c t tamura ∗tamura , s t r u c t image ∗ image , i n t channel
) ;
f l o a t tamura contrast (

s t r u c t tamura ∗tamura , s t r u c t image ∗ image , i n t channel
25 ) ;
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f l o a t tamura localmean ( s t r u c t tamura ∗tamura , i n t x , i n t y , i n t k ) ;
void tamura runningsum (

s t r u c t tamura ∗tamura , s t r u c t image ∗ image , i n t channel
) ;

30

s t r u c t tamura ∗ tamura in i t (
s t r u c t tamura ∗tamura , i n t width , i n t he ight

) {
a s s e r t ( tamura ) ;

35 a s s e r t ( width > 0) ;
a s s e r t ( he ight > 0) ;
tamura−>width = width ;
tamura−>he ight = he ight ;
tamura−>Rsum = image a l l o c ( width , height , 1) ; a s s e r t ( tamura−>Rsum) ;

40 tamura−>Ak = image a l l o c ( width , height , 5) ; a s s e r t ( tamura−>Ak) ;
tamura−>Ekh = image a l l o c ( width , height , 5) ; a s s e r t ( tamura−>Ekh) ;
tamura−>Ekv = image a l l o c ( width , height , 5) ; a s s e r t ( tamura−>Ekv) ;
tamura−>Sbest = image a l l o c ( width , height , 1) ; a s s e r t ( tamura−>Sbest ) ;
r e turn tamura ;

45 }

void tamura ca l cu l a t e (
s t r u c t tamura ∗tamura ,
s t r u c t tamura f eature s ∗ f e a tu r e s ,

50 s t r u c t image ∗ image
) {

a s s e r t ( tamura ) ;
a s s e r t ( f e a t u r e s ) ;
a s s e r t ( image ) ;

55 a s s e r t ( tamura−>width == image−>width ) ;
a s s e r t ( tamura−>he ight == image−>he ight ) ;
a s s e r t (2 <= image−>channe l s ) ;
f o r ( i n t c = 0 ; c < 2 ; ++c ) {

f e a t u r e s [ c ] . c oa r s ene s s = tamura coarseness ( tamura , image , c ) ;
60 f e a t u r e s [ c ] . c on t r a s t = tamura contrast ( tamura , image , c ) ;

f e a t u r e s [ c ] . d i r e c t i o n a l i t y = tamura d i r e c t i o n a l i t y ( tamura , image , c ) ;
}

}

65 void tamura runningsum (
s t r u c t tamura ∗tamura , s t r u c t image ∗ image , i n t channel

) {
s t r u c t image ∗ r = tamura−>Rsum;
f l o a t l , u , u l ;

70 f o r ( i n t y = 0 ; y < tamura−>he ight ; ++y) {
f o r ( i n t x = 0 ; x < tamura−>width ; ++x) {

l = x ? I ( r , x−1 ,y , 0) : 0 ;
u = y ? I ( r , x , y−1 ,0) : 0 ;
u l = x && y ? I ( r , x−1 ,y−1 ,0) : 0 ;

75 I ( r , x , y , 0 ) = I ( image , x , y , channel ) + l + u + ul ;
}

}
}

80 f l o a t tamura localmean ( s t r u c t tamura ∗tamura , i n t x , i n t y , i n t k ) { // FIXME ⤦
Ç handle wrap−around more e x c i t i n g l y

s t r u c t image ∗ r = tamura−>Rsum;
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i n t k2 = k /2 ;
i n t x0 = x − k2 − 1 ;
i n t x1 = x + k2 − 1 ;

85 i n t y0 = y − k2 − 1 ;
i n t y1 = y + k2 − 1 ;
i f ( x0 < 0) x0 = 0 ;
i f ( y0 < 0) y0 = 0 ;
i f ( x1 >= tamura−>width ) x1 = tamura−>width − 1 ;

90 i f ( y1 >= tamura−>he ight ) y1 = tamura−>he ight − 1 ;
i n t count = ( x1 − x0 + 1) ∗ ( y1 − y0 + 1) ;
f l o a t l = x0 > 0 ? I ( r , x0−1 ,y1 , 0) : 0 ;
f l o a t t = y0 > 0 ? I ( r , x1 , y0 −1 ,0) : 0 ;
f l o a t t l = x0 > 0 && y0 > 0 ? I ( r , x0−1 ,y0 −1 ,0) : 0 ;

95 f l o a t b = I ( r , x1 , y1 , 0) ;
r e turn (b − l − t + t l ) / count ;

}

f l o a t tamura contrast (
100 s t r u c t tamura ∗tamura , s t r u c t image ∗ image , i n t channel

) {
f l o a t s i z e = 121 . 0 ;
f l o a t con t ra s t = 0 ;
f o r ( i n t y = 0 ; y < tamura−>he ight ; ++y) {

105 f o r ( i n t x = 0 ; x < tamura−>width ; ++x) {
f l o a t mean = 0 ;
f l o a t sigma = 0 ;
f l o a t ku r t o s i s = 0 ;
f o r ( i n t j = y − 5 ; j <= y + 5 ; ++j ) {

110 i n t j j = j ;
whi l e ( j j < 0 ) { j j += tamura−>he ight ; }
whi le ( j j >= tamura−>he ight ) { j j −= tamura−>he ight ; }
f o r ( i n t i = x − 5 ; i <= x + 5 ; ++i ) {

i n t i i = i ;
115 whi le ( i i < 0 ) { i i += tamura−>width ; }

whi le ( i i >= tamura−>width ) { i i −= tamura−>width ; }
f l o a t t = I ( image , i i , j j , channel ) ;
mean += t ;
sigma += t ∗ t ;

120 }
}
mean /= s i z e ;
sigma /= s i z e ;
sigma −= mean ∗ mean ;

125 f o r ( i n t j = y − 5 ; j <= y + 5 ; ++j ) {
i n t j j = j ;
whi l e ( j j < 0 ) { j j += tamura−>he ight ; }
whi le ( j j >= tamura−>he ight ) { j j −= tamura−>he ight ; }
f o r ( i n t i = x − 5 ; i <= x + 5 ; ++i ) {

130 i n t i i = i ;
whi l e ( i i < 0 ) { i i += tamura−>width ; }
whi le ( i i >= tamura−>width ) { i i −= tamura−>width ; }
f l o a t t = I ( image , i i , j j , channel ) − mean ;
t ∗= t ;

135 t ∗= t ;
ku r t o s i s += t ;

}
}
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ku r t o s i s /= s i z e ;
140 i f ( k u r t o s i s > 0 .000001) {

con t ra s t += sigma / s q r t f ( s q r t f ( k u r t o s i s ) ) ;
}

}
}

145 re turn con t ra s t / ( tamura−>width ∗ tamura−>he ight ) ;
}

f l o a t t amura d i r e c t i o n a l i t y (
s t r u c t tamura ∗tamura , s t r u c t image ∗ image , i n t channel

150 ) {
const f l o a t mh [ 3 ] [ 3 ] = { { 1 , 2 , 1 } , { 0 , 0 , 0 } , { −1 , −2 , −1 } } ;
const f l o a t mv [ 3 ] [ 3 ] = { { 1 , 0 , −1 } , { 2 , 0 , −2 } , { 1 , 0 , −1 } } ;
f l o a t phi = 0 ;
f o r ( i n t y = 0 ; y < tamura−>he ight ; ++y) {

155 f o r ( i n t x = 0 ; x < tamura−>width ; ++x) {
f l o a t v = 0 , h = 0 ;
f o r ( i n t j = 0 ; j < 3 ; ++j ) {

i n t j j = y + j − 1 ;
whi l e ( j j < 0 ) { j j += tamura−>he ight ; }

160 whi le ( j j >= tamura−>he ight ) { j j −= tamura−>he ight ; }
f o r ( i n t i = 0 ; i < 3 ; ++i ) {

i n t i i = x + i − 1 ;
whi l e ( i i < 0 ) { i i += tamura−>width ; }
whi le ( i i >= tamura−>width ) { i i −= tamura−>width ; }

165 f l o a t t = I ( image , i i , j j , channel ) ;
h += mh[ i ] [ j ] ∗ t ;
v += mv[ i ] [ j ] ∗ t ;

}
}

170 phi += s q r t f ( 0 . 5 f ∗(h∗h+v∗v ) ) ;
// i f (h != 0) { phi += atanf ( v/h) + M PI/2 .0 + 0 . 0 0 1 ; } // FIXME ?

}
}
re turn phi / ( tamura−>width ∗ tamura−>he ight ) ;

175 }

f l o a t tamura coarseness (
s t r u c t tamura ∗tamura , s t r u c t image ∗ image , i n t channel

) {
180 tamura runningsum ( tamura , image , channel ) ;

// s tep 1
i n t lenOfk=1;
f o r ( i n t k=1;k<=5;++k) {

lenOfk ∗=2;
185 f o r ( i n t y=0;y<tamura−>he ight ;++y) {

f o r ( i n t x=0;x<tamura−>width;++x) {
I ( tamura−>Ak, x , y , k−1) = tamura localmean ( tamura , x , y , lenOfk ) ;

}
}

190 }
// step 2
lenOfk=1;
f o r ( i n t k=1;k<=5;++k) {

i n t k2=lenOfk ;
195 lenOfk ∗=2;
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f o r ( i n t y=0;y<tamura−>he ight ;++y) {
f o r ( i n t x=0;x<tamura−>width;++x) {

i n t posx1=x+k2 ;
i n t posx2=x−k2 ;

200 i n t posy1=y+k2 ;
i n t posy2=y−k2 ;
i f ( posx1<tamura−>width && posx2>=0) {

I ( tamura−>Ekh , x , y , k−1)=f a b s f ( I ( tamura−>Ak, posx1 , y , k−1)− I ( tamura−>Ak,⤦
Ç posx2 , y , k−1) ) ;

} e l s e {
205 I ( tamura−>Ekh , x , y , k−1)=0;

}
i f ( posy1<tamura−>he ight && posy2>=0) {

I ( tamura−>Ekv , x , y , k−1)=f a b s f ( I ( tamura−>Ak, x , posy1 , k−1)− I ( tamura−>Ak, x ,⤦
Ç posy2 , k−1) ) ;

} e l s e {
210 I ( tamura−>Ekv , x , y , k−1)=0;

}
}

}
}

215 f l o a t c oa r s ene s s =0.0 ;
// step3
f o r ( i n t y=0;y<tamura−>he ight ;++y) {

f o r ( i n t x=0;x<tamura−>width;++x) {
f l o a t maxE=0;

220 i n t maxk=0;
f o r ( i n t k=1;k<=5;++k) {

i f ( I ( tamura−>Ekh , x , y , k−1)>maxE) {
maxE=I ( tamura−>Ekh , x , y , k−1) ;
maxk=k ;

225 }
i f ( I ( tamura−>Ekv , x , y , k−1)>maxE) {
maxE=I ( tamura−>Ekv , x , y , k−1) ;
maxk=k ;

}
230 }

// I ( tamura−>Sbest , x , y , 0 )=maxk ;
c oa r s ene s s+=maxk ;

}
}

235 re turn coa r s ene s s / ( ( tamura−>width − 32) ∗ ( tamura−>he ight − 32) ) ;
}

/∗
vector<uint> histogramImageBinImage ( const ImageFeature &image ) {

240 vector<uint> r e s u l t ( image . x s i z e ( ) ∗ image . y s i z e ( ) ) ;
vector<double> t ( 3 , 0 ) ;

vector<uint> s t ep s (3 , 8 ) ;
HistogramFeature tmp( s t ep s ) ;

245 tmp . min ( ) [ 0 ]=0 ; tmp .max( ) [ 0 ]=1 . 0 ;
tmp . min ( ) [ 1 ]=0 ; tmp .max( ) [ 1 ]=1 . 0 ;
tmp . min ( ) [ 2 ]=0 ; tmp .max( ) [ 2 ]=1 . 0 ;

tmp . i n i t S t e p s i z e ( ) ;
250
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f o r ( u int x=0;x<image . x s i z e ( ) ;++x) {
f o r ( u int y=0;y<image . y s i z e ( ) ;++y) {

f o r ( u int z=0;z<3;++z ) { t [ z ]=image (x , y , z ) ;}
r e s u l t [ y∗ image . x s i z e ( )+x]=tmp . posToBin (tmp . pointToPos ( t ) ) ;

255 }
}

re turn r e s u l t ;
}

260

HistogramFeature h i s togramize ( const ImageFeature image ,
const vector<uint> &bins ,
const u int l e f t ,

265 const u int top ,
const u int r ight ,
const u int bottom ) {

vector<uint> s t ep s (3 , 8 ) ;
HistogramFeature r e s u l t ( s t ep s ) ;

270 r e s u l t . min ( ) [ 0 ]=0 ; r e s u l t .max( ) [ 0 ]=1 . 0 ;
r e s u l t . min ( ) [ 1 ]=0 ; r e s u l t .max( ) [ 1 ]=1 . 0 ;
r e s u l t . min ( ) [ 2 ]=0 ; r e s u l t .max( ) [ 2 ]=1 . 0 ;
r e s u l t . i n i t S t e p s i z e ( ) ;

275 uint x s i z e=image . x s i z e ( ) ;

f o r ( u int x=l e f t ; x<r i g h t ;++x) {
f o r ( u int y=top ; y<bottom;++y) {

// DBG(10) << y << ” ” << x << ” ”<< y∗ x s i z e+x << ” ” << bins [ y∗ x s i z e⤦
Ç +x ] << endl ;

280 r e s u l t . f e edb in ( b ins [ y∗ x s i z e+x ] ) ;
}

}

re turn r e s u l t ;
285 }

HistogramFeature h i s togramize ( const ImageFeature &image ) {
// min −> max : 0 ,0 ,0 −> pi , 5 , 128

290 // s t ep s : 8 ,8 ,8

vector<uint> s t ep s (3 , 8 ) ;
HistogramFeature r e s u l t ( s t ep s ) ;
r e s u l t . min ( ) [ 0 ]=0 ; r e s u l t .max( ) [ 0 ]=1 . 0 ;

295 r e s u l t . min ( ) [ 1 ]=0 ; r e s u l t .max( ) [ 1 ]=1 . 0 ;
r e s u l t . min ( ) [ 2 ]=0 ; r e s u l t .max( ) [ 2 ]=1 . 0 ;
r e s u l t . i n i t S t e p s i z e ( ) ;

vector<double> tmp ( 3 , 0 . 0 ) ;
300

f o r ( u int x=0;x<image . x s i z e ( ) ;++x) {
f o r ( u int y=0;y<image . y s i z e ( ) ;++y) {

f o r ( u int z=0;z<3;++z ) {tmp [ z ]=image (x , y , z ) ;}
r e s u l t . f e ed (tmp) ;

305 }
}
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re turn r e s u l t ;
}
∗/

99 src/tamura.h

/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2008 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 Based on : f i r e −2.2/ FeatureExtractors / tamurafeature . cpp
Homepage : http ://www− i 6 . i n f o rmat ik . rwth−aachen . de/˜ d e s e l a e r s / f i r e /
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

Tumara Feature Extract ion
===================================================================== ∗/

10

#i f n d e f TAMURAH
#de f i n e TAMURAH

#inc lude ” image . h”
15

s t r u c t tamura f eature s {
f l o a t c oa r s ene s s ;
f l o a t con t ra s t ;
f l o a t d i r e c t i o n a l i t y ;

20 } ;

s t r u c t tamura {
i n t width ;
i n t he ight ;

25 s t r u c t image ∗Rsum; // w∗h∗1
s t r u c t image ∗Ak; // w∗h∗5
s t r u c t image ∗Ekh ; // w∗h∗5
s t r u c t image ∗Ekv ; // w∗h∗5
s t r u c t image ∗Sbest ; // w∗h∗1

30 } ;

s t r u c t tamura ∗ tamura in i t (
s t r u c t tamura ∗tamura , i n t width , i n t he ight

) ;
35

void tamura ca l cu l a t e (
s t r u c t tamura ∗tamura ,
s t r u c t tamura f eature s ∗ f e a tu r e s ,
s t r u c t image ∗ image

40 ) ;

#end i f
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100 src/test-card-intro.png

101 src/test-card-intro.ppm

102 src/test gl.sh

#!/bin /bash
grep −h g l ∗ . c | sed ” s | . ∗ g l \ ( .∗\ ) ( . ∗ | g l \1 | g” | grep −v ”=” | grep −v ”ˆ#” |
grep −v ”ˆ/” | sed ” s | ( . ∗ | | g” | grep −v ”ˆ g l s ” | grep −v ”ˆ g l o b a l ” |
grep −v ”ˆ glXGetCurrent” | grep −v ” ” | s o r t | uniq |

5 ( echo ”
#inc lude <s t d i o . h>
#inc lude <s t d l i b . h>
#inc lude <GL/glew . h>
#inc lude <GL/ g lu t . h>

10 s t a t i c void t e s t d i s p l a y ( void ) ;
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i n t main ( i n t argc , char ∗∗ argv ) {
g l u t I n i t (&argc , argv ) ;
g lut In i tDisp layMode (GLUTRGBA | GLUTDOUBLE | GLUTDEPTH) ;
g lutInitWindowSize (640 , 480) ;

15 glutCreateWindow (\” t e s t g l \”) ;
g l ew In i t ( ) ;
g lutDisplayFunc ( t e s t d i s p l a y ) ;
glutMainLoop ( ) ;
r e turn 0 ;

20 }
s t a t i c void t e s t d i s p l a y ( void ) {
” &&
cat | sed ’ s | \ ( . ∗ \ ) | p r i n t f (”\1\\ t \\ t \\ t%p\\n” , \1) ; | g ’ && echo ”
e x i t (0 ) ;

25 }
”) | gcc −xc − −o t e s t g l −lGLEW −lGL −lGLU − l g l u t && ./ t e s t g l | grep ”( n i l ) ”

103 src/text.c

/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2010 ,2011 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 Text module
===================================================================== ∗/

#inc lude <math . h>
#inc lude <GL/glew . h>

10 #inc lude <GL/ g lu t . h>
#inc lude ” text . h”
#inc lude ” text . ve r t . c”
#inc lude ” text . f r a g . c”

15 s t r u c t t ex t ∗ t e x t i n i t ( s t r u c t t ex t ∗ t ex t ) {
i f ( ! s h a d e r i n i t (&text−>shader , t ex t v e r t , t e x t f r a g ) ) {

re turn 0 ;
}
shader uni form ( text , t ex ture ) ;

20 f o n t s i n i t (&text−> f on t s ) ;
f o r ( i n t i = 0 ; i < TEXTLENGTH; ++i ) {

text−>t e x t s t r [ i ] = ’ ’ ;
}
re turn text ;

25 }

void t ex t r e shape ( s t r u c t t ex t ∗ text , i n t w, i n t h) {
text−>width = w;
text−>he ight = h ;

30 }

void t e x t d i s p l a y ( s t r u c t t ext ∗ t ex t ) {
glBindFramebufferEXT (GL FRAMEBUFFER EXT, 0) ;

35 glMatrixMode (GL PROJECTION) ;
g lLoadIdent i ty ( ) ;
g lViewport (0 , 0 , text−>width , text−>he ight ) ;
gluOrtho2D (0 , text−>width , 0 , text−>he ight ) ;
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glMatrixMode (GLMODELVIEW) ;
40 g lLoadIdent i ty ( ) ;

// text
g lEnable (GL TEXTURE 2D) ;
glBindTexture (GL TEXTURE 2D, text−> f on t s . t ex ture ) ;

45 glTexParameteri (GL TEXTURE 2D, GL TEXTURE MIN FILTER, GL LINEAR) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTURE MAG FILTER, GL LINEAR) ;
glUseProgramObjectARB ( text−>shader . program ) ;
text−>value . t ex ture = 0 ;
shader update i ( text , t ex ture ) ;

50 g lBeg in (GL QUADS) ; {
f o r ( i n t j = 0 ; j < TEXTLENGTH; ++j ) {

f l o a t x0 = text−>width ∗ ( j + 0 . 5 ) / TEXT LENGTH;
f l o a t y0 = text−>he ight ∗ 0 .75 − text−>width ∗ 0 .5 / TEXT LENGTH;
f l o a t dx = text−>width ∗ 0 .5 / TEXT LENGTH;

55 f l o a t dy = text−>width ∗ 0 .5 / TEXT LENGTH;
i n t i = text−>t e x t s t r [ j ] ;
i f ( ’ a ’ <= i && i <= ’ z ’ ) {

i −= ’a ’ ;
} e l s e i f ( ’A’ <= i && i <= ’Z ’ ) {

60 i −= ’A’ ;
} e l s e {

i = 255 ;
}
glTexCoord4f ( ( i % text−> f on t s . pack ) / ( f l o a t ) text−> f on t s . pack , ( ( i ⤦

Ç / text−> f on t s . pack ) + 1) / ( f l o a t ) text−> f on t s . pack , 0 , 1) ;
65 g lVer t ex2 f ( x0 − dx , y0 − dy ) ;

glTexCoord4f ( ( ( i % text−> f on t s . pack ) + 1) / ( f l o a t ) text−> f on t s . pack , ( ( i ⤦
Ç / text−> f on t s . pack ) + 1) / ( f l o a t ) text−> f on t s . pack , 1 , 1) ;

g lVe r t ex2 f ( x0 + dx , y0 − dy ) ;
glTexCoord4f ( ( ( i % text−> f on t s . pack ) + 1) / ( f l o a t ) text−> f on t s . pack , ( i ⤦

Ç / text−> f on t s . pack ) / ( f l o a t ) text−> f on t s . pack , 1 , 0) ;
g lVe r t ex2 f ( x0 + dx , y0 + dy ) ;

70 glTexCoord4f ( ( i % text−> f on t s . pack ) / ( f l o a t ) text−> f on t s . pack , ( i ⤦
Ç / text−> f on t s . pack ) / ( f l o a t ) text−> f on t s . pack , 0 , 0) ;

g lVe r t ex2 f ( x0 − dx , y0 + dy ) ;
}

} glEnd ( ) ;
glUseProgramObjectARB (0) ;

75 glBindTexture (GL TEXTURE 2D, 0) ;
g lD i s ab l e (GL TEXTURE 2D) ;

}

i n t text keynormal ( s t r u c t t ex t ∗ text , i n t key , i n t x , i n t y ) {
80 i f ( ( ’A’ <= key && key <= ’Z ’ ) | | ( ’ a ’ <= key && key <= ’ z ’ ) | | ( key == ’ ’ ) ) ⤦

Ç {
f o r ( i n t i = 1 ; i < TEXTLENGTH; ++i ) {

text−>t e x t s t r [ i −1] = text−>t e x t s t r [ i ] ;
}
text−>t e x t s t r [TEXT LENGTH−1] = key ;

85 re turn 1 ;
} e l s e i f ( ( ’\ r ’ == key ) | | ( ’\n ’ == key ) ) {

f o r ( i n t i = 0 ; i < TEXTLENGTH; ++i ) {
text−>t e x t s t r [ i ] = ’ ’ ;

}
90 re turn 1 ;
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} e l s e i f ( ’\b ’ == key ) {
f o r ( i n t i = TEXT LENGTH − 1 ; i >= 1 ; −− i ) {

text−>t e x t s t r [ i ] = text−>t e x t s t r [ i −1 ] ;
}

95 text−>t e x t s t r [ 0 ] = ’ ’ ;
r e turn 1 ;

} e l s e {
re turn 0 ;

}
100 }

i n t t e x t k e y s p e c i a l ( s t r u c t t ext ∗ text , i n t key , i n t x , i n t y ) {
re turn 0 ;

}

104 src/text.frag

/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2008 ,2010 ,2011 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 Shader f o r t ex t
===================================================================== ∗/

uniform sampler2D texture ;

10 void main ( void ) {
vec2 p = gl TexCoord [ 0 ] . xy ;
vec4 c = vec4 ( 0 . 0 , 1 . 0 , 0 . 0 , 1 . 0 ) ∗ texture2D ( texture , p ) . rgba ;
i f ( c . a < 0 . 1 ) {

d i s ca rd ;
15 } e l s e {

g l FragCo lor = c ;
}

}

105 src/text.h

/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2010 ,2011 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 Text module
===================================================================== ∗/

#i f n d e f TEXT H
#de f i n e TEXT H 1

10

#inc lude ” shader . h”
#inc lude ” f on t s . h”

#de f i n e TEXT LENGTH 32
15

s t r u c t t ex t { s t r u c t shader shader ;
s t r u c t {

GLint t ex ture ; // fragment
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} uniform ;
20 s t r u c t {

i n t t ex ture ; // fragment
} value ;
s t r u c t f on t s f on t s ;
char t e x t s t r [TEXT LENGTH] ; // cha ra c t e r s to d i sp l ay

25 i n t width ;
i n t he ight ;

} ;

s t r u c t t ex t ∗ t e x t i n i t ( s t r u c t t ex t ∗ t ex t ) ;
30 void t ex t r e shape ( s t r u c t t ex t ∗ text , i n t w, i n t h) ;

void t e x t d i s p l a y ( s t r u c t t ext ∗ t ex t ) ;
i n t text keynormal ( s t r u c t t ex t ∗ text , i n t key , i n t x , i n t y ) ;
i n t t e x t k e y s p e c i a l ( s t r u c t t ext ∗ text , i n t key , i n t x , i n t y ) ;

35 #end i f

106 src/text.vert

/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2010 ,2011 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 Text ver tex shader
===================================================================== ∗/

void main ( void ) {
gl TexCoord [ 0 ] = gl MultiTexCoord0 ;

10 g l P o s i t i o n = gl ModelViewProject ionMatr ix ∗ g l Ver t ex ;
}

107 src/timeline.c

/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2010 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 Timel ine module
===================================================================== ∗/

#inc lude ” t ime l i n e . h”

10 s t r u c t t ime l i n e ∗ t im e l i n e i n i t ( s t r u c t t ime l i n e ∗ t ime l i n e ) {
t ime l ine −>s t a t e 1 = t im e l i n e i d l e ;
t ime l ine −>s t a t e = t im e l i n e i d l e ;
t ime l ine −>phase = 0 ;
re turn t ime l i n e ;

15 }

void t ime l ine advance ( s t r u c t t ime l i n e ∗ t ime l i n e ) {
t ime l ine −>s t a t e 1 = t ime l ine −>s t a t e ;
t ime l ine −>phase += 0 . 0 4 ;

20 switch ( t ime l ine −>s t a t e ) {
case t ime l i n e done : break ;
case t im e l i n e i d l e : break ;
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case t ime l ine main : break ;
case t im e l i n e i n t r o 1 :

25 i f ( ! ( t ime l ine −>phase < TIMELINE INTRO1 LENGTH) ) {
t ime l ine −>phase = 0 ;
t ime l ine −>s t a t e = t ime l i n e i n t r o 2 ;

}
break ;

30 case t im e l i n e i n t r o 2 :
i f ( ! ( t ime l ine −>phase < TIMELINE INTRO2 LENGTH) ) {

t ime l ine −>phase = 0 ;
t ime l ine −>s t a t e = t ime l ine main ;

}
35 break ;

case t ime l i n e ou t r o :
i f ( ! ( t ime l ine −>phase < TIMELINE OUTRO LENGTH) ) {

t ime l ine −>phase = 0 ;
t ime l ine −>s t a t e = t ime l i n e done ;

40 }
break ;

}
}

45 void t im e l i n e s t a r t ( s t r u c t t ime l i n e ∗ t ime l i n e ) {
t ime l ine −>phase = 0 ;
t ime l ine −>s t a t e = t ime l i n e i n t r o 1 ;

}

50 void t ime l i n e s t op ( s t r u c t t ime l i n e ∗ t ime l i n e ) {
t ime l ine −>phase = 0 ;
t ime l ine −>s t a t e = t ime l i n e ou t r o ;

}

55 /∗ EOF ∗/

108 src/timeline.h

/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2010 ,2011 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 Timel ine module
===================================================================== ∗/

#i f n d e f TIMELINE H
#de f i n e TIMELINE H 1

10

#de f i n e TIMELINE INTRO1 LENGTH 5
#de f i n e TIMELINE INTRO2 LENGTH 25
#de f i n e TIMELINE OUTRO LENGTH 30

15 enum t im e l i n e s t a t e {
t im e l i n e i d l e ,
t ime l i n e i n t r o 1 ,
t ime l i n e i n t r o 2 ,
t ime l ine main ,

20 t ime l i n e ou t ro ,
t ime l i n e done
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} ;

s t r u c t t ime l i n e {
25 enum t im e l i n e s t a t e s tate1 , s t a t e ;

double phase ;
} ;

s t r u c t t ime l i n e ∗ t im e l i n e i n i t ( s t r u c t t ime l i n e ∗ t ime l i n e ) ;
30 void t ime l ine advance ( s t r u c t t ime l i n e ∗ t ime l i n e ) ;

void t im e l i n e s t a r t ( s t r u c t t ime l i n e ∗ t ime l i n e ) ;
void t ime l i n e s t op ( s t r u c t t ime l i n e ∗ t ime l i n e ) ;

#end i f

109 src/util.c

/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2008 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 Ut i l i t y Functions
===================================================================== ∗/

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

10

//======================================================================
// round ’x ’ up to the nea r e s t power o f two ( which may be ’x ’ i t s e l f )
unsigned i n t roundtwo ( unsigned i n t x ) {

a s s e r t ( x <= 1 << 31) ; // te rminat ion cond i t i on
15 unsigned i n t y = 1 ;

whi l e ( y < x ) y <<= 1 ;
re turn y ;

}

20 //======================================================================
// f i nd log2 o f the nea r e s t power o f two above ’x ’
unsigned i n t logtwo ( unsigned i n t x ) {

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

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

}

// EOF

110 src/util.h

/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2008 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 Ut i l i t y Functions
===================================================================== ∗/

#i f n d e f UTIL H
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#de f i n e UTIL H 1
10

unsigned i n t roundtwo ( unsigned i n t x ) ;
unsigned i n t logtwo ( unsigned i n t x ) ;

#end i f

111 src/worldsphere.c

/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2008 ,2010 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 World sphere shader
===================================================================== ∗/

#inc lude ”wor ldsphere . h”
#inc lude ”wor ldsphere . f r a g . c”

10

//======================================================================
// worldsphere shader i n i t i a l i z a t i o n
s t r u c t wor ldsphere ∗wor l d sph e r e i n i t ( s t r u c t wor ldsphere ∗worldsphere ) {

i f ( ! wor ldsphere ) { re turn 0 ; }
15 i f ( ! s h a d e r i n i t (&worldsphere−>shader , 0 , wor ld sphe r e f r ag ) ) {

re turn 0 ;
}
shader uni form ( worldsphere , t ex ture ) ;
shader uni form ( worldsphere , ro t ) ;

20 shader uni form ( worldsphere , s i z e ) ;
worldsphere−>value . t ex ture = 0 ;
worldsphere−>value . ro t [ 0 ] = 0 ;
worldsphere−>value . ro t [ 1 ] = 0 ;
re turn wor ldsphere ;

25 }

//======================================================================
// worldsphere shader a c t i v a t i o n
void wor ldsphere use ( s t r u c t wor ldsphere ∗worldsphere ) {

30 i f ( wor ldsphere ) {
glUseProgramObjectARB ( worldsphere−>shader . program ) ;
shader update i ( worldsphere , t ex ture ) ;
shader update f2 ( worldsphere , ro t ) ;
shader update f2 ( worldsphere , s i z e ) ;

35 } e l s e {
glUseProgramObjectARB (0) ;

}
}

40 void wo r l d sphe r e i d l e ( s t r u c t wor ldsphere ∗worldsphere ) {
worldsphere−>value . ro t [ 0 ] += worldsphere−>de l t a [ 0 ] ;
worldsphere−>value . ro t [ 1 ] += worldsphere−>de l t a [ 1 ] ;
whi l e ( worldsphere−>value . ro t [ 0 ] < 0) worldsphere−>value . ro t [ 0 ] += 1 ;
whi l e ( worldsphere−>value . ro t [ 1 ] < 0) worldsphere−>value . ro t [ 1 ] += 1 ;

45 whi le ( worldsphere−>value . ro t [ 0 ] >= 1) worldsphere−>value . ro t [ 0 ] −= 1 ;
whi l e ( worldsphere−>value . ro t [ 1 ] >= 1) worldsphere−>value . ro t [ 1 ] −= 1 ;

}
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// EOF

112 src/worldsphere.frag

/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2008 ,2010 Claude Heiland −Allen <claude@mathr . co . uk>
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 World sphere shader
===================================================================== ∗/

uniform sampler2D texture ;
uniform vec2 ro t ;

10 uniform vec2 s i z e ;

void main ( void ) {
vec2 p = gl TexCoord [ 0 ] . xy ;
vec2 s = sq r t ( 0 . 5 ) ∗ gl TexCoord [ 0 ] . zw ;

15 f l o a t d = dot ( s , s ) ;
vec3 n ;
f l o a t a ;
f l o a t c ;
i f (d < 1 . 0 ) {

20 c = 1 . 0 ;
a = 1 . 0 ;
n = normal ize ( vec3 ( s , s q r t ( 1 . 0 − d) ) ) ;
p = sq r t ( 2 . 0 ) ∗ s / ( 1 . 0 + sq r t ( 1 . 0 − d) ) ;

} e l s e {
25 c = 0 . 0 ;

a = 0 . 0 ;
n = vec3 ( 0 . 0 , 0 . 0 , 0 . 0 ) ;

}
c = c ∗ 0 .0625 + pow( dot ( vec3 ( 0 . 0 , 0 . 0 , 1 . 0 ) , n ) , 2 . 0 ) ;

30 p += rot ;
p −= f l o o r (p) ;
vec2 p0 = f l o o r (p ∗ s i z e ) / s i z e ;
vec2 dp = (p − p0 ) ∗ s i z e ;
vec3 t l = texture2D ( texture , p0 ) . rgb ;

35 vec3 t r = texture2D ( texture , p0 + vec2 (1 . 0/ s i z e . x , 0 . 0 ) ) . rgb ;
vec3 b l = texture2D ( texture , p0 + vec2 ( 0 . 0 , 1 .0/ s i z e . y ) ) . rgb ;
vec3 br = texture2D ( texture , p0 + vec2 (1 . 0/ s i z e . x , 1 .0/ s i z e . y ) ) . rgb ;
vec3 t = t l ∗ ( 1 . 0 − dp . x ) + dp . x ∗ t r ;
vec3 b = bl ∗ ( 1 . 0 − dp . x ) + dp . x ∗ br ;

40 vec3 l = t l ∗ ( 1 . 0 − dp . y ) + dp . y ∗ bl ;
vec3 r = t r ∗ ( 1 . 0 − dp . y ) + dp . y ∗ br ;
vec3 m1 = t ∗ ( 1 . 0 − dp . y ) + dp . y ∗ b ;
vec3 m2 = l ∗ ( 1 . 0 − dp . x ) + dp . x ∗ r ;
vec3 m = 0.5 ∗ (m1 + m2) ;

45 g l FragCo lor = vec4 (m ∗ c , a ) ;
}

113 src/worldsphere.h

/∗ =====================================================================
rdex −− r eac t i on − d i f f u s i o n exp l o r e r
Copyright (C) 2008 ,2010 Claude Heiland −Allen <claude@mathr . co . uk>

168



rdex-client start.sh

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

5 World sphere shader
===================================================================== ∗/

#i f n d e f WORLDSPHEREH
#de f i n e WORLDSPHEREH 1

10

#inc lude ” shader . h”

//======================================================================
// borderwindow shader data

15 s t r u c t wor ldsphere { s t r u c t shader shader ;
s t r u c t { GLint t ex ture ; GLint ro t ; GLint s i z e ; } uniform ;
s t r u c t { i n t t ex ture ; f l o a t ro t [ 2 ] ; f l o a t s i z e [ 2 ] ; } value ;
f l o a t de l t a [ 2 ] ;

} ;
20

//======================================================================
// prototypes
s t r u c t wor ldsphere ∗wor l d sph e r e i n i t ( s t r u c t wor ldsphere ∗worldsphere ) ;
void wor ldsphere use ( s t r u c t wor ldsphere ∗worldsphere ) ;

25 void wo r l d sphe r e i d l e ( s t r u c t wor ldsphere ∗worldsphere ) ;

#end i f

114 start.sh

#!/bin /bash
DATE=”$ ( date −− i s o=s ) ”
(

k i l l a l l l i g h t − l o c k e r
5 xse t −dpms

xse t s o f f
xrandr −−output LVDS−0 −−same−as HDMI−0 −− s ca l e −from 1920 x1080
whi l e t rue
do

10 RDEXUPLOAD=”http :// rdex/ sounding −diy− i i i −vm−ml/upload/new” RDEX SESSION=”${⤦
Ç HOME}/ opt/var / rdex/ s e s s i o n ” ”${HOME}/ opt/bin / rdex”

s l e ep 1
done &

) > ”${HOME}/ opt/var / rdex/ log /${DATE} . l og ” 2>&1

115 stop.sh

#!/bin /bash
k i l l a l l d e v i l s p i e
k i l l a l l jack −rack
k i l l a l l −HUP ecasound

5 k i l l a l l −HUP meterbr idge
k i l l a l l −HUP jackd
k i l l a l l −HUP q j a c k c t l
k i l l a l l −HUP top

116 TODO

rdex− c l i e n t t i c k e t s
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===================

URGENT
5 −−−−−−

∗ bash any po s s i b l e NaN/ i n f to 0 in audio
∗ i n t r o sequence
∗ outro sequence

10 ∗ use ver tex ar rays in s t ead o f immediate mode f o r b a l l drawing

TODO
−−−−

15 ∗ check audio sample ra t e / video sample ra t e interdependence
∗ game c o n t r o l l e r input
∗ 8−way nea r e s t neighbour nav igat i on f o r sequence ed i t i n g
∗ s e t CPU a f f i n i t y and performance governors i f nece s sa ry
∗ i n t e r p o l a t e t ex tu r e s f o r audio i f not everyth ing

20 ∗ attempt to use async PBOs f o r r ea l t ime video r e co rd ing
∗ r e s t o r e non− r e a l t ime render ing
∗ f i x audio at other than JACK/48000Hz
∗ merge from CyPi f o r l oad ing sc r e en / prog r e s s bar
∗ inc rementa l l i b r a r y / s e s s i o n load ing with prog r e s s bar

25 ∗ sequencer c on t r o l s f o r audio rad iu s / sp in / t r a v e l / speed / e tc
∗ keyboard c on t r o l s f o r r e s e ed s t u f f
∗ audio waveform / sp i rograph d i sp l ay over l ay
∗ f i x Make f i l e dependenc ies to avoid memory cor rupt i on and OS crash
∗ use mu l t ip l e t ex ture t i l e − sh e e t s to boost b a l l count l im i t

30 ∗ f i l l hyperspace with fog /dust / e the r
∗ alpha blend b a l l s with background f o r smoother appearance
∗ video s c r i p t opt ion handl ing f o r 4 : 3 vs 16 :9 aspect r a t i o
∗ f u l l s c r e en ant i − a l i a s i n g ( render at 2x s i z e , downscale smoothly )
∗ i n t e r e s t i n g n e s s boost by s e e i ng i f l a r g e r r−d gr id works f a s t enough

35 ∗ authen t i c a t i on f o r upload to s e r v e r
∗ maintain README to be in sync with implementation
∗ webpage t ex t s

ONGOING
40 −−−−−−−

∗ make some v ideos at var i ous s t ag e s o f development

LATER
45 −−−−−

∗ motion b lur
∗ make b a l l s n i c e l y glowing
∗ r i p p l e s when i n t e r e s t i n g s p e c i e s found

50 ∗ catch l i b c u r l s td ( out | e r r ) output and use i t somehow
http :// cu r l . haxx . se / l i b c u r l /c/ c u r l e a s y s e t o p t . html#CURLOPTWRITEFUNCTION

∗ s t a t i s t i c s d i sp l ay in −program
∗ use GLEW more s e n s i b l y / c o r r e c t l y / e t c
∗ use OpenGL 2 . x va r i an t s i n s t ead o f a mishmash o f ARB/EXT s t u f f

55 ∗ i n v e s t i g a t e OpenGL 3 . x /4 . x API changes and s t a r t updating th ing s
∗ Debian/Ubuntu/ e tc packages
∗ s e l e c t po int from l i b r a r y f o r r ender ing
∗ rdex−remote to handle rdex :// u r l s from browser f o r above
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∗ i n t e r a c t i v e camera c on t r o l s ( back to r o l l i n g b a l l ?)
60 ∗ make camera t a r g e t have an o r i e n t a t i o n somehow

∗ make camera t a r g e t sp in
∗ 4D l i g h t i n g o f wor ldsphere and b a l l s
∗ paint in to the r e a c t i o n s
∗ add more automation o f mode swi t ch ing (” a t t r a c t mode”)

65 ∗ i n v e s t i g a t e USB game c o n t r o l l e r support
∗ d i s t r i b u t e d render ing ! ?
∗ rdex . rc f o r opt ions ( eg , s e s s i o n d i r and i n i t i a l f u l l s c r e e n n e s s )
∗ add command l i n e arguments to ove r r i d e environment v a r i a b l e s
∗ runtime s e t t i n g o f NRT render frame ra t e ( both audio and video )

70 ∗ runtime s e t t i n g o f NRT capture i n t e r v a l s ( both per iod and i n t e r v a l )
∗ runtime s e t t i n g o f NRT qu i t when render ing complete
∗ runtime s e t t i n g o f d i sp l ay aspect r a t i o and s i z e
∗ l o ck d i sp l ay s i z e when in NRT mode to avoid a c c i d en t a l mess−ups
∗ hype rbo l i c layout by image s im i l a r i t y

75 ∗ download l i b r a r y from server , again with threads
∗ download l i b r a r y us ing b i t t o r r e n t or other p2p

DONE
−−−−

80

∗ worldsphere s i z e v a r i a t i o n over time (2010−09−27)
∗ d i s ab l e s c r e en save r and DPMS etc (2010−09−25)
∗ send JACK transpor t commands on s t a r t / stop commands (2010−09−25)
∗ i n v e s t i g a t e sync to vblank (2010−09−25)

85 ∗ hide mouse cur so r (2010−09−25)
∗ f i x exp lo r e /random mode and generate a new p r i s t i n e s e s s i o n d i r (2010−05−17)
∗ CPU to generate coord ina te t ex ture f o r audio . f r a g lookup (2010−05−14)
∗ audio coo rd ina t e s to vary smoothly over time to reduce g l i t c h e s (2010−05−14)

i e : sp i rograph − s t y l e wandering in s t ead o f d i s c r e t e c i r c l e s
90 ∗ audio coo rd ina t e s to be i n t e g r a t ed with ove rd r i v e to reduce g l i t c h e s ⤦

Ç (2010−05−14)
i e : grab part o f waveform from each overdr iven frame

∗ qua l i t y boost by a n t i a l i a s e d downscal ing to 64x64 or so f o r the thumbs ⤦
Ç (2010−05−14)

i e : upsca l e −> f a l s e c o l ou r s −> downscale smoothly
∗ improve audio tone smoothness ( b e t t e r i n t e r p o l a t i o n / f i l t e r i n g ) [ ATi BUG] ⤦

Ç (2010−05−12)
95 ∗ check that the l i n e a r i n t e r p o l a t i o n implementation i s c o r r e c t [ ATi BUG] ⤦

Ç (2010−05−12)
∗ audio dynamic range compress ion [ us ing jack −rack ] (2010−05−12)
∗ window s i z e / aspect appearance independence ( seems f i x ed ?) (2010−05−12)
∗ worldsphere aspect r a t i o checkup ( i s i t r e a l l y c i r c u l a r ) (2010−05−12)
∗ t e s t 4 : 3 to see i f i t l ook s be t t e r than 16 :9 [ handle both ] (2010−05−12)

100 ∗ video s c r i p t should c l ean up f i l e s when complete (2010−05−08)
∗ video s c r i p t should generate an ogv from the mpeg (2010−05−08)
∗ space s c a l i n g f o r camera phys i c s as we l l as b a l l d i sp l ay (2010−05−06)
∗ improve audio change smoothness (more o f t en than d i sp l ay frame ra t e ) ⤦

Ç (2010−05−05)
∗ audio sample ra t e handl ing l o g i c ( sound should be ra t e independent ) ⤦

Ç (2010−05−05)
105 ∗ speed up by us ing ver tex shaders f o r p r o j e c t i o n from 4D ( b i l l b o a r d i n g ) ⤦

Ç (2010−05−04)
∗ immersive hyperspace expe r i ence ( f l y i n g around to new worlds ) (2010−05−04)
∗ speed up by us ing ar rays with l a r g e t ex ture conta in ing many smal l images ⤦

Ç (2010−04−??)
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∗ move image ana l y s i s s t u f f i n to uploader thread ( avoid long pause ) ⤦
Ç (2010−??−??)

∗ backport s t y l e from cur rent rdex− s e r v e r (2009−10−27)
110 ∗ use threads to upload to s e r v e r in background (2009−10−18)

∗ t e s t on other machines (2009−10−17)
∗ rdex s e r v e r (Python/WSGI) with rdex c l i e n t and browser c l i e n t s (2009−04−04)
∗ make cute i con ! (2009−04−01)
∗ random vs search vs what? research , dec ide ! ( perturb ) (2009−04−01)

115 ∗ i n v e s t i g a t e g lu t ”game mode” in s t ead o f ” f u l l s c r e e n ” ( sucks ) (2009−04−01)
∗ debug s e g f a u l t on s ta r tup ( l a t e s t f g l r x i s f i n e ) (2009−04−01)
∗ image t ex ture f e a tu r e ex t r a c t i on ( r ipped from FIRE) (2008−11−07)
∗ hea l th warning (2008−11−03)
∗ hide mouse po in t e r (2008−11−03)

120 ∗ f u l l s c r e e n mode support (2008−11−03)
∗ handle p e r sp e c t i v e frustrum proper ly (2008−11−03)
∗ debug r o l l i n g b a l l implementation (2008−11−03)
∗ r a t i o n a l i z e Make f i l e (2008−11−03)
∗ depth s o r t i n g o f po in t s f o r l i b r a r y d i sp l ay (2008−11−02)

125 ∗ save l i b r a r y to s e s s i o n f o l d e r whi l e running (2008−11−02)
∗ load l i b r a r y from s e s s i o n f o l d e r at s ta r tup (2008−11−02)
∗ s p l i t the behemoth (2008−11−01)

WONT
130 −−−−

∗ i n t e r p o l a t e between adjacent frames f o r even smoother audio
∗ audio s i l e n c e de t e c t i on −> po s i t i o n randomizat ion
∗ space s c a l i n g by l o c a l b a l l dens i ty ( s t a t i s t i c s o f nea r e s t N b a l l s )

117 video.sh

#!/bin /bash
MKV=”rdex− c l i e n t −$ ( date −− i s o=s | t r ’ : ’ ’ − ’ ) .mkv”
RDEXRENDER=”1” RDEX SESSION=”./ s e s s i o n /” . / s r c / rdex 2>”${MKV} . l og ” > ”${HOME}/⤦

Ç out/ rec .ppm”
ecasound − f : f32 ,1 ,48000 −a 1 − i : audio . l . raw −chmove 1 ,1 −ea 200 −a 2 − i : audio . r .⤦

Ç raw −chmove 1 ,2 −ea 200 −a 1 ,2 − f : s 1 6 l e ,2 ,48000 −o audio . wav &&
5 f fmpeg −r 25 − f image2pipe − i ”${HOME}/ out/ rec .ppm” −b 5000000 − i audio . wav −ab ⤦

Ç 192000 ”${MKV}”
#ppmtoy4m −S 444 −F 25 :1 |
#y4mscaler − I sa r=1/1 −O pre s e t=dvd −O ysca l e=1/1 |
#mpeg2enc − f 8 −q 3 −b 8000 −B 768 −D 9 −g 9 −G 15 −P −R 2 −o video .m2v &&
#ecasound − f : f32 ,1 ,48000 −a 1 − i : audio . l . raw −chmove 1 ,1 −ea 200 −a 2 − i : audio . r⤦

Ç . raw −chmove 1 ,2 −ea 200 −a 1 ,2 − f : s 1 6 l e ,2 ,48000 −o audio . wav &&
10 #twolame −b 224 audio . wav &&

#mplex − f 8 −V −o ”${MPEG}” video .m2v audio .mp2 &&
#rm − f v ideo .m2v audio .mp2 audio . wav audio . l . raw audio . r . raw &&
#ffmpeg2theora −p preview ”${MKV}”

118 xorg.conf

# nvidia − s e t t i n g s : X con f i gu r a t i on f i l e generated by nvidia − s e t t i n g s
# nvidia − s e t t i n g s : v e r s i on 1 .0 ( bui ldd@biber ) Tue May 18 10 : 36 : 08 UTC 2010

Sec t i on ”ServerLayout ”
5 I d e n t i f i e r ”Layout0”

Screen 0 ”Screen0 ” 0 0
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Screen 1 ”Screen1 ” RightOf ” Screen0 ”
InputDevice ”Keyboard0” ”CoreKeyboard”
InputDevice ”Mouse0” ”CorePointer ”

10 Option ”Xinerama” ”0”
EndSection

Sec t i on ” F i l e s ”
EndSection

15

Sec t i on ” InputDevice ”
# generated from de f au l t
I d e n t i f i e r ”Mouse0”
Driver ”mouse”

20 Option ”Protoco l ” ”auto”
Option ”Device ” ”/dev/psaux”
Option ”Emulate3Buttons” ”no”
Option ”ZAxisMapping” ”4 5”

EndSection
25

Sec t i on ” InputDevice ”
# generated from de f au l t
I d e n t i f i e r ”Keyboard0”
Driver ”kbd”

30 EndSection

Sec t i on ”Monitor”
# HorizSync source : edid , VertRefresh source : ed id
I d e n t i f i e r ”Monitor0”

35 VendorName ”Unknown”
ModelName ”Chi Mei Optoe l e c t r on i c s corp . ”
HorizSync 30 .0 − 75 .0
VertRefresh 60 .0
Option ”DPMS”

40 EndSection

Sec t i on ”Monitor”
# HorizSync source : edid , VertRefresh source : ed id
I d e n t i f i e r ”Monitor1”

45 VendorName ”Unknown”
ModelName ” Idek Iiyama HM903DB/DTB”
HorizSync 30 .0 − 132 .0
VertRefresh 50 .0 − 200 .0
Option ”DPMS”

50 EndSection

Sec t i on ”Device ”
I d e n t i f i e r ”Device0 ”
Driver ” nv id ia ”

55 VendorName ”NVIDIA Corporat ion ”
BoardName ”GeForce G 105M”
BusID ”PCI : 1 : 0 : 0 ”
Screen 0

EndSection
60

Sec t i on ”Device ”
I d e n t i f i e r ”Device1 ”
Driver ” nv id ia ”
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VendorName ”NVIDIA Corporat ion ”
65 BoardName ”GeForce G 105M”

BusID ”PCI : 1 : 0 : 0 ”
Screen 1

EndSection

70 Sec t i on ” Screen ”
I d e n t i f i e r ” Screen0 ”
Device ”Device0 ”
Monitor ”Monitor0”
DefaultDepth 24

75 Option ”TwinView” ”0”
Option ”metamodes” ”DFP: nvid ia −auto− s e l e c t +0+0”
SubSection ”Display ”

Depth 24
EndSubSection

80 EndSection

Sec t i on ” Screen ”
I d e n t i f i e r ” Screen1 ”
Device ”Device1 ”

85 Monitor ”Monitor1”
DefaultDepth 24
Option ”TwinView” ”0”
Option ”TwinViewXineramaInfoOrder” ”CRT−0”
Option ”metamodes” ”CRT: 1024 x768 85 +0+0; CRT: 1024 x768 75 +0+0; ⤦

Ç CRT: 1024 x768 +0+0”
90 SubSection ”Display ”

Depth 24
EndSubSection

EndSection
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