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2 LICENSE.md

# Free Art L icense 1 . 3 (FAL 1 . 3 )

## Preamble

5 The Free Art L icense grants the r i g h t to f r e e l y copy , d i s t r i bu t e , and
trans form c r e a t i v e works without i n f r i n g i n g the author ’ s r i g h t s .

The Free Art L icense r e c ogn i z e s and p ro t e c t s the se r i g h t s . Their
implementation has been re formulated in order to a l low everyone to use

10 c r e a t i o n s o f the human mind in a c r e a t i v e manner , r e g a r d l e s s o f t h e i r
types and ways o f exp r e s s i on .

While the publ ic ’ s a c c e s s to c r e a t i o n s o f the human mind usua l l y i s
r e s t r i c t e d by the implementation o f copyr ight law , i t i s favoured by the

15 Free Art L icense . This l i c e n s e in tends to a l low the use o f a work ’ s
r e s ou r c e s ; to e s t a b l i s h new cond i t i on s f o r c r e a t i n g in order to i n c r e a s e
c r e a t i on oppo r tun i t i e s . The Free Art L icense grants the r i g h t to use a
work , and acknowledges the r i g h t holder ’ s and the user ’ s r i g h t s and
r e s p o n s i b i l i t y .

20

The invent i on and development o f d i g i t a l t e chno l og i e s , I n t e rn e t and Free
Software have changed c r e a t i on methods : c r e a t i o n s o f the human mind can
obv ious ly be d i s t r i bu t ed , exchanged , and transformed . They a l low to
produce common works to which everyone can cont r i bu t e to the b en e f i t o f

25 a l l .

The main r a t i o n a l e f o r t h i s Free Art L icense i s to promote and pro t e c t
these c r e a t i o n s o f the human mind accord ing to the p r i n c i p l e s o f
c opy l e f t : freedom to use , copy , d i s t r i bu t e , transform , and p r oh i b i t i o n

30 o f e x c l u s i v e appropr i a t i on .
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## De f i n i t i o n s

∗work∗ e i t h e r means the i n i t i a l work , the subsequent works or the
35 common work as de f ined h e r e a f t e r :

∗common work∗ means a work composed o f the i n i t i a l work and a l l
subsequent c on t r i bu t i on s to i t ( o r i g i n a l s and cop i e s ) . The i n i t i a l
author i s the one who , by choos ing t h i s l i c e n s e , d e f i n e s the cond i t i on s

40 under which con t r i bu t i on s are made .

∗ I n i t i a l work∗ means the work c rea ted by the i n i t i a t o r o f the common
work ( as de f ined above ) , the cop i e s o f which can be modi f i ed by whoever
wants to

45

∗Subsequent works∗ means the c on t r i bu t i on s made by authors who
p a r t i c i p a t e in the evo lu t i on o f the common work by e x e r c i s i n g the r i g h t s
to reproduce , d i s t r i bu t e , and modify that are granted by the l i c e n s e .

50 ∗Or i g i n a l s ∗ ( s ou r c e s or r e s ou r c e s o f the work ) means a l l c op i e s o f
e i t h e r the i n i t i a l work or any subsequent work mentioning a date and
used by t h e i r author ( s ) as r e f e r e n c e s f o r any subsequent updates ,
i n t e r p r e t a t i o n s , c op i e s or r eproduct i ons .

55 ∗Copy∗ means any reproduct ion o f an o r i g i n a l as de f in ed by t h i s
l i c e n s e .

## 1 . OBJECT

60 The aim o f t h i s l i c e n s e i s to d e f i n e the cond i t i on s under which one can
use t h i s work f r e e l y .

## 2 . SCOPE

65 This work i s sub j e c t to copyr ight law . Through t h i s l i c e n s e i t s author
s p e c i f i e s the extent to which you can copy , d i s t r i bu t e , and modify i t .

### 2.1 FREEDOM TO COPY (OR TO MAKE REPRODUCTIONS)

70 You have the r i g h t to copy t h i s work f o r you r s e l f , your f r i e n d s or any
other person , whatever the technique used .

### 2.2 FREEDOM TO DISTRIBUTE, TO PERFORM IN PUBLIC

75 You have the r i g h t to d i s t r i b u t e cop i e s o f t h i s work ; whether modi f i ed
or not , whatever the medium and the place , with or without any charge ,
provided that you :

− attach t h i s l i c e n s e without any mod i f i c a t i on to the cop i e s o f t h i s work
80 or i nd i c a t e p r e c i s e l y where the l i c e n s e can be found ,

− s p e c i f y to the r e c i p i e n t the names o f the author ( s ) o f the o r i g i n a l s ,
i n c l ud ing yours i f you have modi f i ed the work ,

− s p e c i f y to the r e c i p i e n t where to a c c e s s the o r i g i n a l s ( e i t h e r i n i t i a l
or subsequent ) .

85

The authors o f the o r i g i n a l s may , i f they wish to , g ive you the r i g h t
to d i s t r i b u t e the o r i g i n a l s under the same cond i t i on s as the cop i e s .

3
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### 2.3 FREEDOM TO MODIFY
90

You have the r i g h t to modify cop i e s o f the o r i g i n a l s ( whether i n i t i a l
or subsequent ) provided you comply with the f o l l ow i n g cond i t i on s :

− a l l c ond i t i on s in a r t i c l e 2 . 2 above , i f you d i s t r i b u t e modi f i ed
95 cop i e s ;

− i n d i c a t e that the work has been modi f i ed and , i f i t i s po s s i b l e , what
kind o f mod i f i c a t i on s have been made ;

− d i s t r i b u t e the subsequent work under the same l i c e n s e or any compatible
l i c e n s e .

100

The author ( s ) o f the o r i g i n a l work may g ive you the r i g h t to modify i t
under the same cond i t i on s as the cop i e s .

## 3 . RELATED RIGHTS
105

Ac t i v i t i e s g i v ing r i s e to author ’ s r i g h t s and r e l a t e d r i g h t s s h a l l not
cha l l enge the r i g h t s granted by t h i s l i c e n s e .
For example , t h i s i s the reason why performances must be sub j e c t to the
same l i c e n s e or a compatible l i c e n s e . S im i l a r l y , i n t e g r a t i n g the work in

110 a database , a compi la t ion or an anthology s h a l l not prevent anyone from
us ing the work under the same cond i t i on s as those de f ined in t h i s
l i c e n s e .

## 4 . INCORPORATION OF THE WORK
115

Inco rpo ra t ing t h i s work in to a l a r g e r work that i s not sub j e c t to the
Free Art L icense s h a l l not cha l l enge the r i g h t s granted by t h i s
l i c e n s e .
I f the work can no longe r be acce s s ed apart from the l a r g e r work in

120 which i t i s incorporated , then in co rpo ra t i on s h a l l only be a l lowed under
the cond i t i on that the l a r g e r work i s sub j e c t e i t h e r to the Free Art
L icense or a compatible l i c e n s e .

## 5 . COMPATIBILITY
125

A l i c e n s e i s compatible with the Free Art L icense provided :

− i t g i v e s the r i g h t to copy , d i s t r i bu t e , and modify cop i e s o f the work
in c l ud ing f o r commercial purposes and without any other r e s t r i c t i o n s

130 than those r equ i r ed by the r e sp e c t o f the other c ompa t i b i l i t y c r i t e r i a ;
− i t ensure s proper a t t r i b u t i o n o f the work to i t s authors and ac c e s s to

prev ious v e r s i on s o f the work when po s s i b l e ;
− i t r e c o gn i z e s the Free Art L icense as compatible ( r e c i p r o c i t y ) ;
− i t r e qu i r e s that changes made to the work be sub j e c t to the same

135 l i c e n s e or to a l i c e n s e which a l s o meets these c ompa t i b i l i t y c r i t e r i a .

## 6 . YOUR INTELLECTUAL RIGHTS

This l i c e n s e does not aim at denying your author ’ s r i g h t s in your
140 con t r i bu t i on or any r e l a t e d r i g h t . By choos ing to cont r i bu t e to the

development o f t h i s common work , you only agree to grant o the r s the same
r i g h t s with regard to your con t r i bu t i on as those you were granted by
t h i s l i c e n s e . Confer r ing these r i g h t s does not mean you have to g ive up
your i n t e l l e c t u a l r i g h t s .

4
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145

## 7. YOUR RESPONSIBILITIES

The freedom to use the work as de f ined by the Free Art L icense ( r i g h t
to copy , d i s t r i bu t e , modify ) imp l i e s that everyone i s r e s p on s i b l e f o r

150 t h e i r own ac t i on s .

## 8 . DURATION OF THE LICENSE

This l i c e n s e takes e f f e c t as o f your acceptance o f i t s terms . The act
155 o f copying , d i s t r i bu t i n g , or modifying the work c on s t i t u t e s a t a c i t

agreement . This l i c e n s e w i l l remain in e f f e c t f o r as long as the
copyr ight which i s attached to the work . I f you do not r e sp e c t the terms
o f t h i s l i c e n s e , you automat i ca l l y l o s e the r i g h t s that i t c on f e r s .
I f the l e g a l s t a tu s or l e g i s l a t i o n to which you are sub j e c t makes i t

160 impos s ib l e f o r you to r e sp e c t the terms o f t h i s l i c e n s e , you may not
make use o f the r i g h t s which i t c on f e r s .

## 9 . VARIOUS VERSIONS OF THE LICENSE

165 This l i c e n s e may undergo p e r i o d i c mod i f i c a t i on s to in co rpo ra t e
improvements by i t s authors ( i n s t i g a t o r s o f the Copyle f t Att i tude
movement ) by way o f new , numbered v e r s i on s .
You w i l l always have the cho i c e o f accept ing the terms conta ined in the
ve r s i on under which the copy o f the work was d i s t r i b u t e d to you , or

170 a l t e r n a t i v e l y , to use the p r ov i s i o n s o f one o f the subsequent v e r s i on s .

## 10 . SUB−LICENSING

Sub− l i c e n s e s are not author i zed by t h i s l i c e n s e . Any person wishing to
175 make use o f the r i g h t s that i t c on f e r s w i l l be d i r e c t l y bound to the

authors o f the common work .

## 11 . LEGAL FRAMEWORK

180 This l i c e n s e i s wr i t t en with r e sp e c t to both French law and the Berne
Convention f o r the Protec t i on o f L i t e r a ry and A r t i s t i c Works .

## USER GUIDE

185 ### How to use the Free Art L icense ?

To b en e f i t from the Free Art License , you only need to mention the
f o l l ow i n g e lements on your work :

190 [Name o f the author , t i t l e , date o f the work . When app l i c ab l e ,
names o f authors o f the common work and , i f po s s i b l e , where to
f i nd the o r i g i n a l s ] .

Copyle f t : This i s a f r e e work , you can copy , d i s t r i bu t e , and
195 modify i t under the terms o f the Free Art L icense

<http :// a r t l i b r e . org / l i c e n c e / l a l /en/>

### Why to use the Free Art L icense ?

200 1 . To g ive the g r e a t e s t number o f people a c c e s s to your work .
2 . To a l low i t to be d i s t r i b u t e d f r e e l y .

5
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3 . To a l low i t to evo lve by a l l ow ing i t s copy , d i s t r i bu t i o n , and
t rans fo rmat ion by othe r s .

4 . So that you b en e f i t from the r e s ou r c e s o f a work when i t i s under the
205 Free Art L icense : to be ab le to copy , d i s t r i b u t e or trans form i t

f r e e l y .
5 . But a l so , because the Free Art L icense o f f e r s a l e g a l framework to

d i s a l l ow any misappropr ia t ion . I t i s f o rb idden to take hold o f your work
and bypass the c r e a t i v e p roce s s f o r one ’ s e x c l u s i v e po s s e s s i on .

210

### When to use the Free Art L icense ?

Any time you want to b en e f i t and make othe r s b e n e f i t from the r i g h t to
copy , d i s t r i b u t e and trans form c r e a t i v e works without any ex c l u s i v e

215 appropr iat ion , you should use the Free Art L icense . You can f o r example
use i t f o r s c i e n t i f i c , a r t i s t i c or educa t i ona l p r o j e c t s .

### What kinds o f works can be sub j e c t to the Free Art L icense ?

220 The Free Art L icense can be app l i ed to d i g i t a l as we l l as phy s i c a l
works .
You can choose to apply the Free Art L icense on any text , p i c ture ,
sound , gesture , or whatever s o r t o f s t u f f on which you have s u f f i c i e n t
author ’ s r i g h t s .

225

### H i s t o r i c a l background o f t h i s l i c e n s e :

I t i s the r e s u l t o f observ ing , us ing and c r e a t i n g d i g i t a l t e chno l og i e s ,
f r e e so f tware , the In t e rn e t and ar t . I t a ro se from the Copyle f t

230 Att i tude meetings which took p lace in Par i s in 2000 . For the f i r s t
time , the se meetings brought toge the r members o f the Free Software
community , a r t i s t s , and members o f the ar t world . The goa l was to adapt
the p r i n c i p l e s o f Copyle f t and f r e e so f tware to a l l s o r t s o f c r e a t i o n s .

235 −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

<http ://www. a r t l i b r e . org>
Copyle f t Attitude , 2007 .

240 You can make reproduc t i ons and d i s t r i b u t e t h i s l i c e n s e verbatim
( without any changes ) .

Trans la t i on : Jonathan Clarke , Benjamin Jean , Gr i s e lda Jung , Fanny Mourguet ,
Antoine Pitrou . Thanks to <http :// framalang . org>

3 Makefile

a l l : rdex− l oopr

c l ean :
−rm rdex− l oopr

5

rdex− l oopr : rdex− l oopr . c
gcc −std=c99 −Wall −Wextra −pedant ic −O3 −march=nat ive −o rdex− l oopr ⤦

Ç rdex− l oopr . c ‘ pkg− c on f i g g s l −− l i b s ‘

.PHONY: a l l c l ean

6
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4 rdex-loopr.c

#de f i n e POSIX C SOURCE 2

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

5 #inc lude <s t d l i b . h>
#inc lude <time . h>

#inc lude <g s l / g s l mu l t i r o o t s . h>

10 typede f double r e a l ;

// S i s image s i z e
// time taken i s O(Sˆ4)
// S = 24 : 4 minutes ( con j e c tured )

15 // S = 32 : 11 minutess
// S = 48 : 55 minutes
// S = 64 : 3 hours ( con j ec tu red )
#de f i n e S 32

20 // Q i s preper i od
// P0 i s maximum per iod
// time taken i s O(Q+P0)
#de f i n e Q 1
#de f i n e Q0 20000

25 #de f i n e P0 2000

// der ived dimensions
#de f i n e W S
#de f i n e H S

30 #de f i n e D (2 ∗ W ∗ H)

// image bu f f e r
unsigned char ppm[H ] [W] [ 3 ] ;

35 // vec to r indexes (wrap−around )
#de f i n e U( j , i ) ( ( ( ( ( j )+H)%H) ∗W + (( i )+W)%W) ∗ 2 + 0)
#de f i n e V( j , i ) ( ( ( ( ( j )+H)%H) ∗W + (( i )+W)%W) ∗ 2 + 1)

// parameters f o r r e a c t i on d i f f u s i o n
40 s t r u c t rdex

{
r e a l Du, Dv, F , k , dt ;
i n t P;

} ;
45

void rdex var i ance ( const g s l v e c t o r ∗ src , r e a l ∗su , r e a l ∗ sv , r e a l ∗u1 , r e a l ∗v1⤦
Ç )

{
// compute var iance
r e a l su0 = D / 2 , su1 = 0 , su2 = 0

50 , sv0 = D / 2 , sv1 = 0 , sv2 = 0 ;
f o r ( i n t i = 0 ; i < D / 2 ; ++i )
{

r e a l u = g s l v e c t o r g e t ( src , 2 ∗ i + 0) ;
r e a l v = g s l v e c t o r g e t ( src , 2 ∗ i + 1) ;

7
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55 su1 += u ;
sv1 += v ;
su2 += u ∗ u ;
sv2 += v ∗ v ;

}
60 ∗ su = ( su0 ∗ su2 − su1 ∗ su1 ) / ( su0 ∗ su0 ) ;

∗ sv = ( sv0 ∗ sv2 − sv1 ∗ sv1 ) / ( sv0 ∗ sv0 ) ;
∗u1 = su1 ;
∗v1 = sv1 ;

}
65

// one step r e a c t i on d i f f u s i o n
void rdex f 1 ( s t r u c t rdex ∗ r , g s l v e c t o r ∗dst , g s l v e c t o r ∗ s r c )
{

const r e a l Du = r−>Du;
70 const r e a l Dv = r−>Dv;

const r e a l F = r−>F;
const r e a l k = r−>k ;
const r e a l dt = r−>dt ;
const r e a l w [ 3 ] = { −(4 + 4/ sq r t (2 ) ) , 1 , 1/ sq r t (2 ) } ;

75 f o r ( i n t j = 0 ; j < H; ++j )
{

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

r e a l u = g s l v e c t o r g e t ( src , U( j , i ) ) ;
80 r e a l v = g s l v e c t o r g e t ( src , V( j , i ) ) ;

r e a l uvv = u ∗ v ∗ v ;
r e a l Lu = 0 ;
r e a l Lv = 0 ;
f o r ( i n t dj = −1; dj <= 1 ; ++dj )

85 {
f o r ( i n t d i = −1; d i <= 1 ; ++di )
{

i n t k = abs ( dj ) + abs ( d i ) ;
const r e a l u1 = g s l v e c t o r g e t ( src , U( j + dj , i + di ) ) ;

90 const r e a l v1 = g s l v e c t o r g e t ( src , V( j + dj , i + di ) ) ;
Lu += w[ k ] ∗ u1 ;
Lv += w[ k ] ∗ v1 ;

}
}

95 r e a l du = Du ∗ Lu − uvv + F ∗ (1 − u) ;
r e a l dv = Dv ∗ Lv + uvv − (F + k) ∗ v ;
u += du ∗ dt ;
v += dv ∗ dt ;
u = fmin ( fmax (u , 0) , 1) ;

100 v = fmin ( fmax (v , 0) , 1) ;
g s l v e c t o r s e t ( dst , U( j , i ) , u ) ;
g s l v e c t o r s e t ( dst , V( j , i ) , v ) ;

}
}

105 }

void rd ex f d f 1 ( s t r u c t rdex ∗ r , g s l v e c t o r ∗dst , g s l v e c t o r ∗ src , g s l ma t r i x ∗⤦
Ç dstJ , g s l ma t r i x ∗ s r cJ )

{
const r e a l Du = r−>Du;

110 const r e a l Dv = r−>Dv;

8
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const r e a l F = r−>F;
const r e a l k = r−>k ;
const r e a l dt = r−>dt ;
const r e a l w [ 3 ] = { −(4 + 4/ sq r t (2 ) ) , 1 , 1/ sq r t (2 ) } ;

115 f o r ( i n t j = 0 ; j < D; ++j )
f o r ( i n t i = 0 ; i < D; ++i )

g s l ma t r i x s e t ( dstJ , j , i , 0) ;
f o r ( i n t j = 0 ; j < H; ++j )
{

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

r e a l u = g s l v e c t o r g e t ( src , U( j , i ) ) ;
r e a l v = g s l v e c t o r g e t ( src , V( j , i ) ) ;
r e a l uvv = u ∗ v ∗ v ;

125 r e a l Lu = 0 ;
r e a l Lv = 0 ;
f o r ( i n t dj = −1; dj <= 1 ; ++dj )
{

f o r ( i n t d i = −1; d i <= 1 ; ++di )
130 {

i n t k = abs ( dj ) + abs ( d i ) ;
const r e a l u1 = g s l v e c t o r g e t ( src , U( j + dj , i + di ) ) ;
const r e a l v1 = g s l v e c t o r g e t ( src , V( j + dj , i + di ) ) ;
Lu += w[ k ] ∗ u1 ;

135 Lv += w[ k ] ∗ v1 ;
g s l ma t r i x s e t ( dstJ , U( j , i ) , U( j + dj , i + di ) , g s l ma t r i x g e t ( dstJ , ⤦

Ç U( j , i ) , U( j + dj , i + di ) )
+ Du ∗ w[ k ] ∗ dt ∗ g s l ma t r i x g e t ( srcJ , U( j + dj , i + di ) , U( j + dj ,⤦

Ç i + di ) ) ) ;
g s l ma t r i x s e t ( dstJ , V( j , i ) , V( j + dj , i + di ) , g s l ma t r i x g e t ( dstJ , ⤦

Ç V( j , i ) , V( j + dj , i + di ) )
+ Dv ∗ w[ k ] ∗ dt ∗ g s l ma t r i x g e t ( srcJ , V( j + dj , i + di ) , V( j + dj ,⤦

Ç i + di ) ) ) ;
140 }

}
g s l ma t r i x s e t ( dstJ , U( j , i ) , U( j , i ) , g s l ma t r i x g e t ( dstJ , U( j , i ) , U( j , ⤦

Ç i ) )
+ g s l ma t r i x g e t ( srcJ , U( j , i ) , U( j , i ) )
− dt ∗ ( v ∗ v + F) ∗ g s l ma t r i x g e t ( srcJ , U( j , i ) , U( j , i ) )

145 − dt ∗ 2 ∗ u ∗ v ∗ g s l ma t r i x g e t ( srcJ , V( j , i ) , U( j , i ) ) ) ;
g s l ma t r i x s e t ( dstJ , U( j , i ) , V( j , i ) , g s l ma t r i x g e t ( dstJ , U( j , i ) , V( j , ⤦

Ç i ) )
− dt ∗ 2 ∗ u ∗ v ∗ g s l ma t r i x g e t ( srcJ , V( j , i ) , V( j , i ) )
− dt ∗ v ∗ v ∗ g s l ma t r i x g e t ( srcJ , U( j , i ) , V( j , i ) ) ) ;

g s l ma t r i x s e t ( dstJ , V( j , i ) , U( j , i ) , g s l ma t r i x g e t ( dstJ , V( j , i ) , U( j , ⤦
Ç i ) )

150 + dt ∗ v ∗ v ∗ g s l ma t r i x g e t ( srcJ , U( j , i ) , U( j , i ) )
+ dt ∗ 2 ∗ u ∗ v ∗ g s l ma t r i x g e t ( srcJ , V( j , i ) , V( j , i ) ) ) ;

g s l ma t r i x s e t ( dstJ , V( j , i ) , V( j , i ) , g s l ma t r i x g e t ( dstJ , V( j , i ) , V( j , ⤦
Ç i ) )

+ g s l ma t r i x g e t ( srcJ , V( j , i ) , V( j , i ) )
+ dt ∗ v ∗ v ∗ g s l ma t r i x g e t ( srcJ , U( j , i ) , V( j , i ) )

155 + dt ∗ (2 ∗ u ∗ v − (F + k) ) ∗ g s l ma t r i x g e t ( srcJ , V( j , i ) , V( j , i ) ) ) ;
r e a l du = Du ∗ Lu − uvv + F ∗ (1 − u) ;
r e a l dv = Dv ∗ Lv + uvv − (F + k) ∗ v ;
u += du ∗ dt ;
v += dv ∗ dt ;

9
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160 u = fmin ( fmax (u , 0) , 1) ;
v = fmin ( fmax (v , 0) , 1) ;
g s l v e c t o r s e t ( dst , U( j , i ) , u ) ;
g s l v e c t o r s e t ( dst , V( j , i ) , v ) ;

}
165 }

}

i n t r d ex f ( const g s l v e c t o r ∗x , void ∗p , g s l v e c t o r ∗y )
{

170 s t r u c t rdex ∗ r = ( s t r u c t rdex ∗) p ;
g s l v e c t o r ∗ s r c = g s l v e c t o r a l l o c (D) ;
g s l v e c t o r ∗dst = g s l v e c t o r a l l o c (D) ;
g s l v e c t o r ∗mid = g s l v e c t o r a l l o c (D) ;
g s l v e c t o r ∗ top = g s l v e c t o r a l l o c (D) ;

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

g s l v e c t o r s e t ( src , i , g s l v e c t o r g e t (x , i ) ) ;
}
r e a l best sum = 1.0 / 0 . 0 ;

180 f o r ( i n t n = 0 ; n < Q + P0 ; ++n)
{

i f (n == Q)
{

f o r ( i n t i = 0 ; i < D; ++i )
185 {

g s l v e c t o r s e t (mid , i , g s l v e c t o r g e t ( src , i ) ) ;
}

}
rd ex f 1 ( r , dst , s r c ) ;

190 g s l v e c t o r ∗ t = s r c ; s r c = dst ; dst = t ;
i f (n >= Q + 100)
{

r e a l sum = 0 ;
f o r ( i n t i = 0 ; i < D; ++i )

195 {
r e a l d = g s l v e c t o r g e t ( src , i ) − g s l v e c t o r g e t (mid , i ) ;
sum += d ∗ d ;

}
i f (sum < best sum )

200 {
best sum = sum ;
r−>P = n + 1 − Q;
f o r ( i n t i = 0 ; i < D; ++i )
{

205 g s l v e c t o r s e t ( top , i , g s l v e c t o r g e t ( src , i ) ) ;
}

}
}

}
210 g s l v e c t o r ∗ t = s r c ; s r c = top ; top = t ;

// compute var iance
r e a l su , sv ;
r e a l dummy;
rdex var i ance ( src , &su , &sv , &dummy, &dummy) ;

215 r e a l s = su + sv ;
// d iv id e by var iance to avoid convergence to f e a t u r e l e s s images

10
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f o r ( i n t i = 0 ; i < D / 2 ; ++i )
{

r e a l u0 = g s l v e c t o r g e t (mid , 2 ∗ i + 0) ;
220 r e a l v0 = g s l v e c t o r g e t (mid , 2 ∗ i + 1) ;

r e a l u1 = g s l v e c t o r g e t ( src , 2 ∗ i + 0) ;
r e a l v1 = g s l v e c t o r g e t ( src , 2 ∗ i + 1) ;
g s l v e c t o r s e t (y , 2 ∗ i + 0 , ( u1 − u0 ) / s ) ;
g s l v e c t o r s e t (y , 2 ∗ i + 1 , ( v1 − v0 ) / s ) ;

225 }
g s l v e c t o r f r e e ( s r c ) ;
g s l v e c t o r f r e e ( dst ) ;
g s l v e c t o r f r e e (mid ) ;
g s l v e c t o r f r e e ( top ) ;

230 re turn GSL SUCCESS ;
}

i n t r d e x f d f ( const g s l v e c t o r ∗x , void ∗p , g s l v e c t o r ∗y , g s l mat r i x ∗J )
{

235 s t r u c t rdex ∗ r = ( s t r u c t rdex ∗) p ;
g s l v e c t o r ∗ s r c = g s l v e c t o r a l l o c (D) ;
g s l v e c t o r ∗dst = g s l v e c t o r a l l o c (D) ;
g s l v e c t o r ∗mid = g s l v e c t o r a l l o c (D) ;
g s l v e c t o r ∗ top = g s l v e c t o r a l l o c (D) ;

240 g s l mat r i x ∗ s r cJ = g s l ma t r i x a l l o c (D, D) ;
g s l mat r i x ∗dstJ = g s l ma t r i x a l l o c (D, D) ;
g s l mat r i x ∗midJ = g s l ma t r i x a l l o c (D, D) ;
g s l mat r i x ∗ topJ = g s l ma t r i x a l l o c (D, D) ;
f o r ( i n t i = 0 ; i < D; ++i )

245 {
g s l v e c t o r s e t ( src , i , g s l v e c t o r g e t (x , i ) ) ;
f o r ( i n t j = 0 ; j < D; ++j )

g s l ma t r i x s e t ( srcJ , i , j , i == j ) ;
}

250 r e a l best sum = 1.0 / 0 . 0 ;
f o r ( i n t n = 0 ; n < Q + P0 ; ++n)
{

i f (n == Q)
{

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

g s l v e c t o r s e t (mid , i , g s l v e c t o r g e t ( src , i ) ) ;
f o r ( i n t j = 0 ; j < D; ++j )

g s l ma t r i x s e t (midJ , i , j , g s l ma t r i x g e t ( srcJ , i , j ) ) ;
260 }

}
r d ex f d f 1 ( r , dst , src , dstJ , s r cJ ) ;
g s l v e c t o r ∗ t = s r c ; s r c = dst ; dst = t ;
g s l mat r i x ∗ tJ = srcJ ; s r cJ = dstJ ; dstJ = tJ ;

265 i f (n >= Q + 100)
{

r e a l sum = 0 ;
f o r ( i n t i = 0 ; i < D; ++i )
{

270 r e a l d = g s l v e c t o r g e t ( src , i ) − g s l v e c t o r g e t (mid , i ) ;
sum += d ∗ d ;

}
i f (sum < best sum )

11
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{
275 best sum = sum ;

r−>P = n + 1 − Q;
f o r ( i n t i = 0 ; i < D; ++i )
{

g s l v e c t o r s e t ( top , i , g s l v e c t o r g e t ( src , i ) ) ;
280 f o r ( i n t j = 0 ; j < D; ++j )

g s l ma t r i x s e t ( topJ , i , j , g s l ma t r i x g e t ( srcJ , i , j ) ) ;
}

}
}

285 }
g s l v e c t o r ∗ t = s r c ; s r c = top ; top = t ;
g s l mat r i x ∗ tJ = srcJ ; s r cJ = topJ ; topJ = tJ ;
r e a l su , sv , su1 , sv1 ;
rdex var i ance ( src , &su , &sv , &su1 , &sv1 ) ;

290 r e a l s = su + sv ;
// d iv id e by var iance to avoid convergence to f e a t u r e l e s s images
f o r ( i n t i = 0 ; i < D / 2 ; ++i )
{

r e a l u0 = g s l v e c t o r g e t (mid , 2 ∗ i + 0) ;
295 r e a l v0 = g s l v e c t o r g e t (mid , 2 ∗ i + 1) ;

r e a l u1 = g s l v e c t o r g e t ( src , 2 ∗ i + 0) ;
r e a l v1 = g s l v e c t o r g e t ( src , 2 ∗ i + 1) ;
g s l v e c t o r s e t (y , 2 ∗ i + 0 , ( u1 − u0 ) / s ) ;
g s l v e c t o r s e t (y , 2 ∗ i + 1 , ( v1 − v0 ) / s ) ;

300 }
r e a l s0 = D / 2 ;
r e a l s1 [ 2 ] = { su1 , sv1 } ;
// J ( ( u1 − u0 ) / s ) = J (u1 − u0 ) / s − ( ( u1 − u0 ) J ( s ) ) / s ˆ2
f o r ( i n t i = 0 ; i < D; ++i )

305 f o r ( i n t j = 0 ; j < D; ++j )
{

g s l ma t r i x s e t (J , i , j ,
( g s l ma t r i x g e t ( srcJ , i , j ) − g s l ma t r i x g e t (midJ , i , j ) ) / s −
( g s l v e c t o r g e t ( src , i ) − g s l v e c t o r g e t (mid , i ) ) ∗

310 (2 ∗ g s l v e c t o r g e t ( src , j ) / s0 − 2 ∗ s1 [ j &1] / ( s0 ∗ s0 ) ) / ( s ∗ s )
) ;

}
g s l v e c t o r f r e e ( s r c ) ;
g s l v e c t o r f r e e ( dst ) ;

315 g s l v e c t o r f r e e (mid ) ;
g s l v e c t o r f r e e ( top ) ;
g s l ma t r i x f r e e ( s r cJ ) ;
g s l ma t r i x f r e e ( dstJ ) ;
g s l ma t r i x f r e e (midJ ) ;

320 g s l ma t r i x f r e e ( topJ ) ;
r e turn GSL SUCCESS ;

}

void output ( g s l v e c t o r ∗ src , g s l v e c t o r ∗dst , i n t seed , i n t try , i n t i t e r , ⤦
Ç s t r u c t rdex ∗params , r e a l norm)

325 {
char command [ 1 0 0 0 ] ;
s n p r i n t f (command , 1000 , ” ffmpeg − l o g l e v e l qu i e t − f ramerate 60 − i − ’%08X⤦

Ç −%08d−%08d−%08d−%.8e . g i f ’ ” , seed , try , i t e r , params−>P, norm) ;
f p r i n t f ( s tde r r , ”%08X\ t%d\ t%d\ t%d\ t%.8e\tGIF\n” , seed , try , i t e r , params⤦

12
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Ç −>P, norm) ;
FILE ∗ f i l e = popen (command , ”w”) ;

330 i n t l a s t f r ame = 0 ;
r e a l frame = 0 . 5 ;
f o r ( i n t n = 0 ; n < Q + params−>P; ++n)
{

i f (Q <= n)
335 {

frame += 256.0 / params−>P;
i f ( frame >= la s t f r ame + 1)
{

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

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

r e a l u = 1 − g s l v e c t o r g e t ( src , U( j , i ) ) ;
r e a l v = g s l v e c t o r g e t ( src , V( j , i ) ) ;

345 r e a l h = 16 ∗ atan2 (v , u) ;
r e a l l = fmax (0 , cos (16 ∗ ( v ∗ v + u ∗ u) ) ) ;
r e a l c1 = 0 .5 ∗ cos (h) ;
r e a l c2 = 0 .5 ∗ s i n (h) ;
r e a l r = l + 1.407 ∗ c1 ;

350 r e a l g = l − 0 .677 ∗ c1 − 0 .236 ∗ c2 ;
r e a l b = l + 1.848 ∗ c2 ;
ppm[ j ] [ i ] [ 0 ] = 255 ∗ fmin ( fmax ( r , 0) , 1) ;
ppm[ j ] [ i ] [ 1 ] = 255 ∗ fmin ( fmax (g , 0) , 1) ;
ppm[ j ] [ i ] [ 2 ] = 255 ∗ fmin ( fmax (b , 0) , 1) ;

355 }
}
f p r i n t f ( f i l e , ”P6\n%d %d\n255\n” , W, H) ;
fw r i t e (&ppm [ 0 ] [ 0 ] [ 0 ] , H ∗ W ∗ 3 , 1 , f i l e ) ;
f f l u s h ( f i l e ) ;

360 l a s t f r ame += 1 ;
}

}
rd ex f 1 ( params , dst , s r c ) ;
g s l v e c t o r ∗ t = s r c ; s r c = dst ; dst = t ;

365 }
pc l o s e ( f i l e ) ;
g s l v e c t o r ∗ t = s r c ; s r c = dst ; dst = t ;
s np r i n t f (command , 1000 , ”%08X−%08d−%08d−%08d−%.8e .ppm” , seed , try , i t e r ,⤦

Ç params−>P, norm) ;
f i l e = fopen (command , ”wb”) ;

370 f o r ( i n t j = 0 ; j < H; ++j )
{

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

r e a l u = 1 − g s l v e c t o r g e t ( src , U( j , i ) ) ;
375 r e a l v = g s l v e c t o r g e t ( src , V( j , i ) ) ;

r e a l h = 16 ∗ atan2 (v , u) ;
r e a l l = fmax (0 , cos (16 ∗ ( v ∗ v + u ∗ u) ) ) ;
r e a l c1 = 0 .5 ∗ cos (h) ;
r e a l c2 = 0 .5 ∗ s i n (h) ;

380 r e a l r = l + 1.407 ∗ c1 ;
r e a l g = l − 0 .677 ∗ c1 − 0 .236 ∗ c2 ;
r e a l b = l + 1.848 ∗ c2 ;
ppm[ j ] [ i ] [ 0 ] = 255 ∗ fmin ( fmax ( r , 0) , 1) ;

13
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ppm[ j ] [ i ] [ 1 ] = 255 ∗ fmin ( fmax (g , 0) , 1) ;
385 ppm[ j ] [ i ] [ 2 ] = 255 ∗ fmin ( fmax (b , 0) , 1) ;

}
}
f p r i n t f ( f i l e , ”P6\n%d %d\n255\n” , W, H) ;
fw r i t e (&ppm [ 0 ] [ 0 ] [ 0 ] , H ∗ W ∗ 3 , 1 , f i l e ) ;

390 f c l o s e ( f i l e ) ;
}

// main program entry po int
i n t main ( i n t argc , char ∗∗ argv )

395 {
// seed PRNG with time and argument
i n t seed = time (0 ) + ( argc > 1 ? argv [ 1 ] [ 0 ] : 0) ;
f p r i n t f ( s tde r r , ” seed = %d\n” , seed ) ;
srand ( seed ) ;

400

// avoid abort ( ) from de f au l t e r r o r handler when matrix i s s i n gu l a r
g s l s e t e r r o r h a n d l e r o f f ( ) ;

// example parameters
405 #i f 0

s t r u c t rdex params = { 0 .118022 , 0 .043133 , 0 .023135 , 0 .055081 , 0 . 5 } ;
s t r u c t rdex params = { 0 .020185 , 0 .013866 , 0 .016683 , 0 .050902 , 0 . 5 , 0 } ; // ⤦

Ç https : // rdex . mathr . co . uk/ k i b l i x / co l our /1581 dynamic smal l
s t r u c t rdex params = { 0 .037655 , 0 .026061 , 0 .024382 , 0 .051716 , 0 . 5 } ; // https⤦

Ç : // rdex . mathr . co . uk/ k i b l i x /nearby /155 dynamic medium
s t r u c t rdex params = { 0 .070642 , 0 .043482 , 0 .024294 , 0 .052547 , 0 . 5 } ; // https⤦

Ç : // rdex . mathr . co . uk/ k i b l i x /nearby /1842 dynamic medium
410 s t r u c t rdex params = { 0 .157658 , 0 .089861 , 0 .019432 , 0 .047631 , 0 . 5 } ; // https⤦

Ç : // rdex . mathr . co . uk/ k i b l i x / co l our /227 dynamic l a r g e
s t r u c t rdex params = { 0 .140444 , 0 .051544 , 0 .093481 , 0 .064434 , 0 . 5 } ; // https⤦

Ç : // rdex . mathr . co . uk/ k i b l i x /nearby /2082 s t a t i c l i n e s ( green )
s t r u c t rdex params = { 0 .255443 , 0 .090206 , 0 .044084 , 0 .060603 , 0 . 5 } ; // https⤦

Ç : // rdex . mathr . co . uk/ k i b l i x / co l our /1586 s t a t i c l i n e s ( purple )
#end i f

s t r u c t rdex params = { 0 .115447 , 0 .059511 , 0 .018156 , 0 .045008 , 0 . 5 , 0 } ;
415

// a l l o c a t e root s o l v e r
const g s l mu l t i r o o t f d f s o l v e r t y p e ∗T = g s l mu l t i r o o t f d f s o l v e r n ew t on ;//⤦

Ç hybr ids ;
g s l mu l t i r o o t f d f s o l v e r ∗ s = g s l m u l t i r o o t f d f s o l v e r a l l o c (T, D) ;
g s l mu l t i r o o t f u n c t i o n f d f F ;

420 F. f = &rdex f ;
F . df = 0 ;
F . f d f = &rd ex f d f ;
F . n = D;
F . params = &params ;

425

// a l l o c a t e ve c to r s
g s l v e c t o r ∗ s r c = g s l v e c t o r a l l o c (D) ;
g s l v e c t o r ∗dst = g s l v e c t o r a l l o c (D) ;
g s l v e c t o r ∗tmp = g s l v e c t o r a l l o c (D) ;

430

// c a l c u l a t e f o r e v e r
i n t t ry = 0 ;
do

14



rdex-loopr rdex-loopr.c

{
435

// i n i t i a l i z e with p ink i sh no i s e source
params .P = P0 ;
i n t b e s t p e r i od = P0 ;
r e a l best norm = 1.0 / 0 . 0 ;

440 f o r ( i n t n = 0 ; n < 1000 ; ++n)
{

f o r ( i n t i = 0 ; i < D; ++i )
g s l v e c t o r s e t ( src , i , 0 . 5 ) ;

r e a l no i s e = 0 . 5 ;
445 f o r ( i n t w = 1 , h = 1 ; w < W && h < H; w <<= 1 , h <<= 1 , no i s e /= 2)

f o r ( i n t j = 0 ; j < h ; ++j )
f o r ( i n t i = 0 ; i < w; ++i )
{

r e a l ru = no i s e ∗ ( rand ( ) / ( double ) RANDMAX − 0 . 5 ) ;
450 r e a l rv = no i s e ∗ ( rand ( ) / ( double ) RANDMAX − 0 . 5 ) ;

f o r ( i n t dj = 0 ; dj < H/h ; ++dj )
f o r ( i n t d i = 0 ; d i < W/w; ++di )
{

i n t u i = U( j ∗H/h + dj + H/h/2 , i ∗W/w + di + W/w/2) ;
455 i n t v i = V( j ∗H/h + dj + H/h/2 , i ∗W/w + di + W/w/2) ;

g s l v e c t o r s e t ( src , ui , g s l v e c t o r g e t ( src , u i ) + ru ) ;
g s l v e c t o r s e t ( src , vi , g s l v e c t o r g e t ( src , v i ) + rv ) ;

}
}

460 // i t e r a t e a whole bunch
f o r ( i n t m = 0 ; m < Q0; ++m)
{

rd ex f 1 (&params , dst , s r c ) ;
g s l v e c t o r ∗ t = dst ; dst = s r c ; s r c = t ;

465 }
r e a l su , sv , dummy;
rdex var i ance ( src , &su , &sv , &dummy, &dummy) ;
r e a l s = su + sv ;
i f ( ! ( s > 1e −3) ) cont inue ;

470 r d ex f ( src , &params , dst ) ;
r e a l norm = 0 ;
f o r ( i n t i = 0 ; i < D; ++i )
{

r e a l f = g s l v e c t o r g e t ( dst , i ) ;
475 norm += f ∗ f ;

}
norm /= D;
norm = sq r t (norm) ;
i f (norm < best norm )

480 {
best norm = norm ;
b e s t p e r i od = params .P;
g s l v e c t o r ∗ t = s r c ; s r c = tmp ; tmp = t ;
f p r i n t f ( s tde r r , ”%08X\ t%d\ t%d\ t%.18e\n” , seed , n , be s t pe r i od , best norm⤦

Ç ) ;
485 i f ( best norm < 1)

break ;
}

}
f p r i n t f ( s tde r r , ”%08X\ t%d\ t%d\ t%d\ t%.18e\ t%d\n” , seed , try , 0 , be s t pe r i od , ⤦
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Ç best norm , 0) ;
490 params .P = be s t p e r i od ;

// i n i t i a l i z e s o l v e r
g s l m u l t i r o o t f d f s o l v e r s e t ( s , &F, tmp) ;

495 // mine f o r time c r y s t a l
i n t i t e r = 0 ;
r e a l th r e sho ld = 1 . 0 / 0 . 0 ;
do
{

500 i t e r++;

// step s o l v e r
i n t s ta tu s1 = g s l m u l t i r o o t f d f s o l v e r i t e r a t e ( s ) ;

505 // check RMS e r r o r
r e a l norm = 0 ;
f o r ( i n t i = 0 ; i < D; ++i )
{

r e a l f = g s l v e c t o r g e t ( s−>f , i ) ;
510 norm += f ∗ f ;

}
norm /= D;
norm = sq r t (norm) ;
f p r i n t f ( s tde r r , ”%08X\ t%d\ t%d\ t%d\ t%.8e\ t%d\n” , seed , try , i t e r , params .P,⤦

Ç norm , s ta tu s1 ) ;
515

// output i f c l o s e to cy c l e
i f (norm < th r e sho ld )
{

f o r ( i n t i = 0 ; i < D; ++i )
520 g s l v e c t o r s e t ( src , i , g s l v e c t o r g e t ( s−>x , i ) ) ;

output ( src , dst , seed , try , i t e r , &params , norm) ;
th r e sho ld = norm ;

}
e l s e

525 {
i f ( s t a tu s1 | | i snan (norm) | | i s i n f (norm) ) break ;

}
}
whi le ( i t e r < 10) ;

530 t ry++;
} whi le (1 ) ;

// never reached
g s l v e c t o r f r e e ( s r c ) ;

535 g s l v e c t o r f r e e ( dst ) ;
g s l v e c t o r f r e e (tmp) ;
g s l m u l t i r o o t f d f s o l v e r f r e e ( s ) ;
r e turn 0 ;

}

5 README.md

# rdex− l oopr
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Mining f o r time c r y s t a l s : r epea t ing pat t e rns in r eac t i on − d i f f u s i o n systems .

5 ## Pr e r e qu i s i t e s

GNU S c i e n t i f i c Library , FFMPEG, as we l l as C bu i ld t o o l s .

sudo apt i n s t a l l l i b g s l −dev ffmpeg , bui ld − e s s e n t i a l
10

## Compile

make

15 ## Run

mkdir output
cd output
. . / rdex− l oopr a &

20 . . / rdex− l oopr b &
. . .

I f you have l o t s o f c o r e s and RAM:

25 p a r a l l e l −u . . / rdex− l oopr : : : A B C D E F G H

## Edit

Change ‘S ‘ to the de s i r ed s i z e . 80 needs 7 .5GB RAM, O(Sˆ4) .
30

## Legal

rdex− l oopr (C) 2018 Claude Heiland −Allen <claude@mathr . co . uk>

35 Copyle f t : This i s a f r e e work , you can copy , d i s t r i bu t e , and
modify i t under the terms o f the Free Art L icense
<http :// a r t l i b r e . org / l i c e n c e / l a l /en/>.
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