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1 AUTHORS

Claude Heiland −Allen
main program

Nick Treleaven
5 var i ous op t im i za t i on s f o r improved render ing speed

2 CHANGELOG

2017−06−29 FIX : 64 b i t c ompa t i b i l i t y
2007−04−08 NEW: patches from Nick Treleaven f o r improved performance
0 . 3 . 1 3 NEW: Pd s o n i f i c a t i o n example i s more a e s t h e t i c
0 . 3 . 1 2 NEW: OSC send o f raw 2D vertex coo rd ina t e s

5 0 . 3 . 1 1 NEW: OSC r e c e i v e equ i va l en t s to keyboard input
0 . 3 . 1 0 FIX : ’ pause ’ no l onge r uses 100% CPU
0 . 3 . 9 NEW: sav ing o f conse cu t i v e frames
0 . 3 . 8 NEW: sav ing o f images to PNG f i l e s
0 . 3 . 7 Fixes f o r OS X ( s i g n a l . h d e f i n e s s t a c k t )

3 COPYING

GNU GENERAL PUBLIC LICENSE
Vers ion 2 , June 1991

Copyright (C) 1989 , 1991 Free Software Foundation , Inc .
5 51 Frankl in St , F i f th Floor , Boston , MA 02110−1301 USA

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 l i c e n s e s f o r most so f tware are des igned to take away your
freedom to share and change i t . By contras t , the GNU General Publ ic
L i cense i s intended to guarantee your freedom to share and change f r e e
so ftware −−to make sure the so f tware i s f r e e f o r a l l i t s u s e r s . This

15 General Publ ic L i cense app l i e s to most o f the Free Software
Foundation ’ s so f tware and to any other program whose authors commit to
us ing i t . (Some other Free Software Foundation so f tware i s covered by
the GNU Library General Publ ic L i cense in s t ead . ) You can apply i t to
your programs , too .

20

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
t h i s s e r v i c e i f you wish ) , that you r e c e i v e source code or can get i t

25 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 make r e s t r i c t i o n s that f o rb i d
anyone to deny you these r i g h t s or to ask you to sur render the r i g h t s .

30 These r e s t r i c t i o n s t r a n s l a t e to c e r t a i n r e s p o n s i b i l i t i e s f o r you i f you
d i s t r i b u t e cop i e s o f the software , or i f you modify i t .

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
g r a t i s or f o r a fee , you must g ive the r e c i p i e n t s a l l the r i g h t s that

3
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35 you have . You must make sure that they , too , r e c e i v e or can get the
source code . And you must show them these terms so they know th e i r
r i g h t s .

We pro t e c t your r i g h t s with two s t ep s : ( 1 ) copyr ight the software , and
40 (2 ) o f f e r you t h i s l i c e n s e which g i v e s you l e g a l permis s ion to copy ,

d i s t r i b u t e and/ or modify the so f tware .

Also , f o r each author ’ s p r o t e c t i on and ours , we want to make c e r t a i n
that everyone understands that the re i s no warranty f o r t h i s f r e e

45 so f tware . I f the so f tware i s modi f i ed by someone e l s e and passed on , we
want i t s r e c i p i e n t s to know that what they have i s not the o r i g i n a l , so
that any problems introduced by othe r s w i l l not r e f l e c t on the o r i g i n a l
authors ’ r epu ta t i on s .

50 Fina l ly , any f r e e program i s threatened cons tant ly by so f tware
patents . We wish to avoid the danger that r e d i s t r i b u t o r s o f a f r e e
program w i l l i n d i v i d u a l l y obta in patent l i c e n s e s , in e f f e c t making the
program prop r i e t a ry . To prevent th i s , we have made i t c l e a r that any
patent must be l i c e n s e d f o r everyone ’ s f r e e use or not l i c e n s e d at a l l .

55

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 .

GNU GENERAL PUBLIC LICENSE
60 TERMS AND CONDITIONS FOR COPYING, DISTRIBUTION AND MODIFICATION

0 . This L i cense app l i e s to any program or other work which conta in s
a no t i c e p laced by the copyr ight ho lder say ing i t may be d i s t r i b u t e d
under the terms o f t h i s General Publ ic L i cense . The ”Program” , below ,

65 r e f e r s to any such program or work , and a ”work based on the Program”
means e i t h e r the Program or any d e r i v a t i v e work under copyr ight law :
that i s to say , a work conta in ing the Program or a por t i on o f i t ,
e i t h e r verbatim or with mod i f i c a t i on s and/ or t r an s l a t ed in to another
language . ( Here ina f t e r , t r a n s l a t i o n i s inc luded without l im i t a t i o n in

70 the term ”mod i f i c a t i on ” . ) Each l i c e n s e e i s addressed as ”you ” .

A c t i v i t i e s other than copying , d i s t r i b u t i o n and mod i f i c a t i on are not
covered by t h i s L i cense ; they are out s id e i t s scope . The act o f
running the Program i s not r e s t r i c t e d , and the output from the Program

75 i s covered only i f i t s contents c on s t i t u t e a work based on the
Program ( independent o f having been made by running the Program ) .
Whether that i s t rue depends on what the Program does .

1 . You may copy and d i s t r i b u t e verbatim cop i e s o f the Program ’ s
80 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 and d i s c l a ime r o f warranty ; keep i n t a c t a l l the
no t i c e s that r e f e r to t h i s L i cense and to the absence o f any warranty ;
and g ive any other r e c i p i e n t s o f the Program a copy o f t h i s L i cense

85 along with the Program .

You may charge a f e e f o r the phy s i c a l act o f t r a n s f e r r i n g a copy , and
you may at your opt ion o f f e r warranty p ro t e c t i on in exchange f o r a f e e .

90 2 . You may modify your copy or cop i e s o f the Program or any por t i on
o f i t , thus forming a work based on the Program , and copy and

4
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d i s t r i b u t e such mod i f i c a t i on s or work under the terms o f Sec t i on 1
above , provided that you a l s o meet a l l o f the se cond i t i on s :

95 a ) You must cause the modi f i ed f i l e s to car ry prominent no t i c e s
s t a t i n g that you changed the f i l e s and the date o f any change .

b) You must cause any work that you d i s t r i b u t e or publ i sh , that in
whole or in part conta in s or i s der ived from the Program or any

100 part the reo f , to be l i c e n s e d as a whole at no charge to a l l t h i rd
p a r t i e s under the terms o f t h i s L i cense .

c ) I f the modi f i ed program normally reads commands i n t e r a c t i v e l y
when run , you must cause i t , when s t a r t ed running f o r such

105 i n t e r a c t i v e use in the most ord inary way , to p r i n t or d i sp l ay an
announcement i n c l ud ing an appropr ia t e copyr ight no t i c e and a
no t i c e that the re i s no warranty ( or e l s e , say ing that you prov ide
a warranty ) and that u s e r s may r e d i s t r i b u t e the program under
these cond i t i ons , and t e l l i n g the user how to view a copy o f t h i s

110 License . ( Exception : i f the Program i t s e l f i s i n t e r a c t i v e but
does not normally p r i n t such an announcement , your work based on
the Program i s not r equ i r ed to p r i n t an announcement . )

These requ i rements apply to the modi f i ed work as a whole . I f
115 i d e n t i f i a b l e s e c t i o n s o f that work are not der ived from the Program ,

and can be reasonab ly cons ide r ed independent and separa te works in
themselves , then t h i s License , and i t s terms , do not apply to those
s e c t i o n s when you d i s t r i b u t e them as separa t e works . But when you
d i s t r i b u t e the same s e c t i o n s as part o f a whole which i s a work based

120 on the Program , the d i s t r i b u t i o n o f the whole must be on the terms o f
t h i s License , whose pe rmi s s i ons f o r other l i c e n s e e s extend to the
e n t i r e whole , and thus to each and every part r e g a r d l e s s o f who wrote i t .

Thus , i t i s not the i n t en t o f t h i s s e c t i o n to c la im r i g h t s or con t e s t
125 your r i g h t s to work wr i t t en e n t i r e l y by you ; rather , the i n t en t i s to

e x e r c i s e the r i g h t to c on t r o l the d i s t r i b u t i o n o f d e r i v a t i v e or
c o l l e c t i v e works based on the Program .

In addit ion , mere aggregat ion o f another work not based on the Program
130 with the Program ( or with a work based on the Program ) on a volume o f

a s to rage or d i s t r i b u t i o n medium does not br ing the other work under
the scope o f t h i s L i cense .

3 . You may copy and d i s t r i b u t e the Program ( or a work based on i t ,
135 under Sec t i on 2) in ob j e c t code or executab l e form under the terms o f

Se c t i on s 1 and 2 above provided that you a l s o do one o f the f o l l ow i ng :

a ) Accompany i t with the complete cor re spond ing machine− r eadab le
source code , which must be d i s t r i b u t e d under the terms o f Se c t i on s

140 1 and 2 above on a medium customar i ly used f o r so f tware in te rchange ; or ,

b ) Accompany i t with 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 , to g ive any th i rd party , f o r a charge no more than your
co s t o f phy s i c a l l y per forming source d i s t r i bu t i on , a complete

145 machine− r eadab le copy o f the cor re spond ing source code , to be
d i s t r i b u t e d under the terms o f Se c t i on s 1 and 2 above on a medium
customar i ly used f o r so f tware in te rchange ; or ,

5
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c ) Accompany i t with the in fo rmat ion you r e c e i v ed as to the o f f e r
150 to d i s t r i b u t e cor re spond ing source code . ( This a l t e r n a t i v e i s

a l lowed only f o r noncommercial d i s t r i b u t i o n and only i f you
r e c e i v ed the program in ob j e c t code or executab l e form with such
an o f f e r , in accord with Subsect ion b above . )

155 The source code f o r a work means the p r e f e r r e d form o f the work f o r
making mod i f i c a t i on s to i t . For an executab l e work , complete source
code means a l l the source code f o r a l l modules i t conta ins , p lus any
a s s o c i a t ed i n t e r f a c e d e f i n i t i o n f i l e s , p lus the s c r i p t s used to
con t r o l compi la t ion and i n s t a l l a t i o n o f the executab l e . However , as a

160 s p e c i a l except ion , the source code d i s t r i b u t e d need not in c lude
anything that i s normally d i s t r i b u t e d ( in e i t h e r source or binary
form ) with the major components ( compiler , kerne l , and so on ) o f the
operat ing system on which the executab l e runs , un l e s s that component
i t s e l f accompanies the executab l e .

165

I f d i s t r i b u t i o n o f executab l e or ob j e c t code i s made by o f f e r i n g
ac c e s s to copy from a des ignated place , then o f f e r i n g equ iva l en t
a c c e s s to copy the source code from the same p lace counts as
d i s t r i b u t i o n o f the source code , even though th i rd p a r t i e s are not

170 compel led to copy the source along with the ob j e c t code .

4 . You may not copy , modify , sub l i c en s e , or d i s t r i b u t e the Program
except as exp r e s s l y provided under t h i s L i cense . Any attempt
otherwi s e to copy , modify , s ub l i c e n s e or d i s t r i b u t e the Program i s

175 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 .
However , p a r t i e s who have r e c e i v ed cop ie s , or r i gh t s , from you under
t h i s L i cense w i l l not have t h e i r l i c e n s e s terminated so long as such
p a r t i e s remain in f u l l compliance .

180 5 . You are not r equ i r ed to accept t h i s License , s i n c e you have not
s igned i t . However , nothing e l s e grants you permis s ion to modify or
d i s t r i b u t e the Program or i t s d e r i v a t i v e works . These a c t i on s are
p roh ib i t ed by law i f you do not accept t h i s L i cense . Therefore , by
modifying or d i s t r i b u t i n g the Program ( or any work based on the

185 Program ) , you i nd i c a t e your acceptance o f t h i s L i cense to do so , and
a l l i t s terms and cond i t i on s f o r copying , d i s t r i b u t i n g or modifying
the Program or works based on i t .

6 . Each time you r e d i s t r i b u t e the Program ( or any work based on the
190 Program ) , 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 to copy , d i s t r i b u t e or modify the Program sub j e c t to
these terms and cond i t i on 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 r e c i p i e n t s ’ e x e r c i s e o f the r i g h t s granted he re in .
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 to

195 t h i s L i cense .

7 . I f , as a consequence o f a court judgment or a l l e g a t i o n o f patent
in f r ingement or f o r any other reason ( not l im i t ed to patent i s s u e s ) ,
c ond i t i on s are imposed on you ( whether by court order , agreement or

200 otherw i 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
d i s t r i b u t e 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 d i s t r i b u t e the Program at a l l . For example , i f a patent

205 l i c e n s e would not permit roya l ty − f r e e r e d i s t r i b u t i o n o f the Program by

6
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a l l those who r e c e i v e cop i e s d i r e c t l y or i n d i r e c t l y through you , then
the only way you could s a t i s f y both i t and t h i s L i cense would be to
r e f r a i n e n t i r e l y from d i s t r i b u t i o n o f the Program .

210 I f any por t i on o f t h i s s e c t i o n i s he ld i n v a l i d or unen fo rceab l e under
any p a r t i c u l a r c ircumstance , the balance o f the s e c t i o n i s intended to
apply and the s e c t i o n as a whole i s intended to apply in other
c i r cumstances .

215 I t i s not the purpose o f t h i s s e c t i o n to induce you to i n f r i n g e any
patents or other property r i g h t c la ims or to cont e s t v a l i d i t y o f any
such c la ims ; t h i s s e c t i o n has the s o l e purpose o f p r o t e c t i ng the
i n t e g r i t y o f the f r e e so f tware d i s t r i b u t i o n system , which i s
implemented by pub l i c l i c e n s e p r a c t i c e s . Many people have made

220 generous c on t r i bu t i on s to the wide range o f so f tware d i s t r i b u t e d
through that system in r e l i a n c e on c on s i s t e n t app l i c a t i o n o f that
system ; i t i s up to the author /donor to dec ide i f he or she i s w i l l i n g
to d i s t r i b u t e so f tware through any other system and a l i c e n s e e cannot
impose that cho i c e .

225

This s e c t i o n i s intended to make thoroughly c l e a r what i s b e l i e v ed to
be a consequence o f the r e s t o f t h i s L i cense .

8 . I f the d i s t r i b u t i o n and/or use o f the Program i s r e s t r i c t e d in
230 c e r t a i n c oun t r i e s e i t h e r by patents or by copyr ighted i n t e r f a c e s , the

o r i g i n a l copyr ight ho lder who p l a c e s the Program under t h i s L i cense
may add an e x p l i c i t g eog raph i ca l d i s t r i b u t i o n l im i t a t i o n exc lud ing
those count r i e s , so that d i s t r i b u t i o n i s permitted only in or among
coun t r i e s not thus excluded . In such case , t h i s L i cense i n c o rpo r a t e s

235 the l im i t a t i o n as i f wr i t t en in the body o f t h i s L i cense .

9 . 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 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

240 address new problems or concerns .

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 a ve r s i on number o f t h i s L i cense which app l i e s to i t and ”any
l a t e r v e r s i on ” , you have the opt ion o f f o l l ow i n g the terms and cond i t i on s

245 e i t h e r o f that 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 Foundation . I f the Program does not s p e c i f y a ve r s i on number o f
t h i s License , you may choose any ve r s i on ever publ i shed by the Free Software
Foundation .

250 10 . I f you wish to in co rpo ra t e par t s o f the Program in to other f r e e
programs whose d i s t r i b u t i o n cond i t i on s are d i f f e r e n t , wr i t e to the author
to ask f o r permis s ion . For so f tware which i s copyr ighted by the Free
Software Foundation , wr i t e to the Free Software Foundation ; we sometimes
make except i on s f o r t h i s . Our d e c i s i o n w i l l be guided by the two goa l s

255 o f p r e s e rv ing the f r e e s t a tu s o f a l l d e r i v a t i v e s o f our f r e e so f tware and
o f promoting the shar ing and reuse o f so f tware g en e r a l l y .

NO WARRANTY

260 11 . BECAUSE THE PROGRAM IS LICENSED FREE OF CHARGE, 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

7
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PROVIDE THE PROGRAM ”AS IS” WITHOUT WARRANTY OF ANY KIND, EITHER EXPRESSED
OR IMPLIED, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF

265 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.

270 12 . IN NO EVENT UNLESS REQUIRED BY APPLICABLE LAW OR AGREED TO IN WRITING
WILL ANY COPYRIGHT HOLDER, OR ANY OTHER PARTY WHO MAY MODIFY AND/OR
REDISTRIBUTE THE PROGRAM AS PERMITTED ABOVE, BE LIABLE TO YOU FOR DAMAGES,
INCLUDING ANY GENERAL, SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES ARISING
OUT OF THE USE OR INABILITY TO USE THE PROGRAM (INCLUDING BUT NOT LIMITED

275 TO LOSS OF DATA OR DATA BEING RENDERED INACCURATE OR LOSSES SUSTAINED BY
YOU OR THIRD PARTIES OR A FAILURE OF THE PROGRAM TO OPERATE WITH ANY OTHER
PROGRAMS) , EVEN IF SUCH HOLDER OR OTHER PARTY HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES.

280 END OF TERMS AND CONDITIONS

How to Apply These Terms to Your New Programs

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
285 po s s i b l e use to the publ ic , the bes t way to ach ieve t h i s i s to make i t

f r e e so f tware which everyone can r e d i s t r i b u t e and change under these terms .

To do so , attach the f o l l ow i n g no t i c e s to the program . I t i s s a f e s t
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

290 convey 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 .>
Copyright (C) <year> <name o f author>

295

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

300

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 .

305

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 , wr i t e to the Free Software
Foundation , Inc . , 51 Frankl in St , F i f th Floor , Boston , MA 02110−1301 USA

310

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 i s i n t e r a c t i v e , 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 :

315

Gnomovision ve r s i on 69 , Copyright (C) year name o f author
Gnomovision 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 .

8
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320

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 , the commands you use may
be c a l l e d something other than ‘ show w’ and ‘ show c ’ ; they could even be
mouse− c l i c k s or menu items −−whatever s u i t s your program .

325

You should a l s o get your employer ( i f you work as a programmer ) or your
school , 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 . Here i s a sample ; a l t e r the names :

330 Yoyodyne , Inc . , hereby d i s c l a ims a l l copyr ight i n t e r e s t in the program
‘Gnomovision ’ ( which makes pas s e s at compi l e r s ) wr i t t en by James Hacker .

<s i gna tu r e o f Ty Coon>, 1 Apr i l 1989
Ty Coon , Pres ident o f Vice

335

This General Publ ic L i cense does not permit i n co rpo ra t i ng your program in 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 Library General

340 Publ ic L i cense in s t ead o f t h i s L i cense .

4 cube4d.c

/∗
hypercube −− i n t e r a c t i o n in four dimensions .
Copyright (C) 2006 Claude Heiland −Allen

5 This program i s f r e e so f tware ; you can r e d i s t r i b u t e i t and/ or
modify i t under the terms o f the GNU General Publ ic L i cense
as pub l 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 .

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

15 You should have r e c e i v ed a copy o f the GNU General Publ ic L i cense
along with t h i s program ; i f not , wr i t e to the Free Software
Foundation , Inc . , 51 Frankl in Street , F i f th Floor , Boston , MA 02110−1301 , USA.
∗/
/∗ cube4d ob j e c t ∗/

20

#inc lude ”cube4d . h”
#inc lude ” f i x ed . h”
#inc lude ”geometry . h”
#inc lude ” stack . h”

25

/∗ v e r t i c e s ∗/
i n t cube4d ve r t i c e s = 16 ;
vector4 cube4d vertex [ 1 6 ] ;

30 /∗ Euler t r a i l ∗/
i n t cube4d edges = 32 ;
i n t c u b e 4 d t r a i l s i z e = 33 ;
i n t c ub e 4d t r a i l [ 3 3 ] = {

9
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0 , 1 , 3 , 2 , 6 , 14 , 10 , 8 ,
35 9 , 11 , 3 , 7 , 15 , 14 , 12 , 13 ,

9 , 1 , 5 , 7 , 6 , 4 , 12 , 8 ,
0 , 4 , 5 , 13 , 15 , 11 , 10 , 2 ,
0

} ;
40

/∗ sub−cubes ∗/
i n t cube4d cubes = 8 ;
i n t cube4d cube [ 8 ] [ 8 ] ;

45 /∗ comparator ∗/
s t a t i c comparator cmp int ;
s t a t i c i n t cmp int ( s t a ck cont en t a , s t a ck con t en t b) {

i n t ai , b i ;
a i = ( i n t ) a ;

50 bi = ( i n t ) b ;
re turn ( a i − bi ) ;

}

/∗ i n i t i a l i s e ∗/
55 void cube4d in i t ( void ) {

i n t i , j , v , b , h ;
s tack s ;
f o r ( i = 0 ; i < 16 ; i++) {

f o r ( j = 0 ; j < 4 ; j++) {
60 cube4d vertex [ i ] [ j ] = ( i & 1<< j ) ? FIXED ONE : f n eg (FIXED ONE) ;

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

s c l e a r (&s ) ;
65 f o r ( v = 0 ; v < 16 ; v++) {

b = i >> 1 ;
h = i & 1 ;
i f (h ) {

s push(&s , ( s t a ck con t en t ) ( v | (1<<b) ) ) ;
70 } e l s e {

s push(&s , ( s t a ck con t en t ) ( v &˜(1<<b) ) ) ;
}

}
s s o r t (&s , cmp int ) ;

75 s un iq (&s , cmp int ) ;
f o r ( j = 0 ; j < 8 ; j++) {

cube4d cube [ i ] [ j ] = ( i n t ) s a t (&s , j ) ;
}

}
80 }

/∗ EOF ∗/

5 cube4d.h

/∗
hypercube −− i n t e r a c t i o n in four dimensions .
Copyright (C) 2006 Claude Heiland −Allen

5 This program i s f r e e so f tware ; you can r e d i s t r i b u t e i t and/ or

10
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modify i t under the terms o f the GNU General Publ ic L i cense
as pub l 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 .

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

15 You should have r e c e i v ed a copy o f the GNU General Publ ic L i cense
along with t h i s program ; i f not , wr i t e to the Free Software
Foundation , Inc . , 51 Frankl in Street , F i f th Floor , Boston , MA 02110−1301 , USA.
∗/
#i f n d e f CUBE4D H

20 #de f i n e CUBE4D H 1
/∗ cube4d ob j e c t ∗/

#inc lude ”geometry . h”

25 /∗ v e r t i c e s ∗/
typede f vector4 c4dv [ 1 6 ] ;
c4dv cube4d vertex ;
i n t cube4d ve r t i c e s ;

30 /∗ Euler t r a i l ∗/
i n t cube4d edges ;
i n t c ub e 4d t r a i l [ 3 3 ] ;
i n t c u b e 4 d t r a i l s i z e ;

35 /∗ sub−cubes ∗/
i n t cube4d cubes ;
i n t cube4d cube [ 8 ] [ 8 ] ;

/∗ i n i t i a l i s e v e r t i c e s ∗/
40 void cube4d in i t ( void ) ;

/∗ EOF ∗/
#end i f

6 dynamics.c

/∗
hypercube −− i n t e r a c t i o n in four dimensions .
Copyright (C) 2006 Claude Heiland −Allen

5 This program i s f r e e so f tware ; you can r e d i s t r i b u t e i t and/ or
modify i t under the terms o f the GNU General Publ ic L i cense
as pub l 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 .

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

15 You should have r e c e i v ed a copy o f the GNU General Publ ic L i cense
along with t h i s program ; i f not , wr i t e to the Free Software

11
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Foundation , Inc . , 51 Frankl in Street , F i f th Floor , Boston , MA 02110−1301 , USA.
∗/
/∗ movement ∗/

20

#inc lude ”cube4d . h”
#inc lude ”dynamics . h”
#inc lude ” f i x ed . h”
#inc lude ”geometry . h”

25

s t a t i c matrix44 m rot ;

void d i n i t ( void ) {
m44 id(&m rot ) ;

30 }

void d trans form ( c4dv ∗ from , c4dv ∗ to ,
i n t a01 , i n t a02 , i n t a03 , i n t a12 , i n t a13 , i n t a23

) {
35 s t a t i c i n t r01 = 0 ;

s t a t i c i n t r02 = 0 ;
s t a t i c i n t r03 = 0 ;
s t a t i c i n t r12 = 0 ;
s t a t i c i n t r13 = 0 ;

40 s t a t i c i n t r23 = 0 ;
i n t i ;
r01 += a01 ;
r02 += a02 ;
r03 += a03 ;

45 r12 += a12 ;
r13 += a13 ;
r23 += a23 ;
m44 rot6(&m rot ,

r01 ,
50 r02 ,

r03 ,
r12 ,
r13 ,
r23

55 ) ;
f o r ( i = 0 ; i < 16 ; i++) {

v4m44 mul (&((∗ from ) [ i ] ) , &m rot , &((∗ to ) [ i ] ) ) ;
}

}
60

/∗ EOF ∗/

7 dynamics.h

/∗
hypercube −− i n t e r a c t i o n in four dimensions .
Copyright (C) 2006 Claude Heiland −Allen

5 This program i s f r e e so f tware ; you can r e d i s t r i b u t e i t and/ or
modify i t under the terms o f the GNU General Publ ic L i cense
as pub l 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 .

12
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10 This program i s d i s t r i b u t e d in the hope that i t w i l l be use fu l ,
but WITHOUT ANY WARRANTY; without even the impl i ed warranty o f
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the
GNU General Publ ic L i cense f o r more d e t a i l s .

15 You should have r e c e i v ed a copy o f the GNU General Publ ic L i cense
along with t h i s program ; i f not , wr i t e to the Free Software
Foundation , Inc . , 51 Frankl in Street , F i f th Floor , Boston , MA 02110−1301 , USA.
∗/
#i f n d e f DYNAMICS H

20 #de f i n e DYNAMICS H
/∗ movement ∗/

#inc lude ”cube4d . h”

25 void d i n i t ( void ) ;
void d trans form ( c4dv ∗ from , c4dv ∗ to ,

i n t a01 , i n t a02 , i n t a03 , i n t a12 , i n t a13 , i n t a23
) ;

30 /∗ EOF ∗/
#end i f

8 fixed.c

/∗
hypercube −− i n t e r a c t i o n in four dimensions .
Copyright (C) 2006 Claude Heiland −Allen

5 This program i s f r e e so f tware ; you can r e d i s t r i b u t e i t and/ or
modify i t under the terms o f the GNU General Publ ic L i cense
as pub l 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 .

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

15 You should have r e c e i v ed a copy o f the GNU General Publ ic L i cense
along with t h i s program ; i f not , wr i t e to the Free Software
Foundation , Inc . , 51 Frankl in Street , F i f th Floor , Boston , MA 02110−1301 , USA.
∗/
/∗ f i x e d po int a r i thmet i c ∗/

20

#inc lude <math . h>

#inc lude ” f i x ed . h”

25 void f i n i t ( void ) {
i n t i ;
/∗ f i l l s i n e t a b l e ∗/
f o r ( i = 0 ; i < FIXED TABSIZE ; i++) {

f s i n t a b [ i ] = FIXED ONE ∗ s i n ( ( double ) i ∗ 2 ∗ M PI / FIXED TABSIZE) ;
30 }

}

13
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i n t f cmp ( f i x ed a , f i x ed b) {
re turn ( a − b) ;

35 }

/∗ EOF ∗/

9 fixed.h

/∗
hypercube −− i n t e r a c t i o n in four dimensions .
Copyright (C) 2006 Claude Heiland −Allen

5 This program i s f r e e so f tware ; you can r e d i s t r i b u t e i t and/ or
modify i t under the terms o f the GNU General Publ ic L i cense
as pub l 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 .

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

15 You should have r e c e i v ed a copy o f the GNU General Publ ic L i cense
along with t h i s program ; i f not , wr i t e to the Free Software
Foundation , Inc . , 51 Frankl in Street , F i f th Floor , Boston , MA 02110−1301 , USA.
∗/
#i f n d e f FIXED H

20 #de f i n e FIXED H 1
/∗ f i x e d po int a r i thmet i c ∗/

typede f s igned shor t f i x ed ;

25 #de f i n e FIXED ONE (128)
#de f i n e FIXED BITS (7)
#de f i n e f i t o f ( a ) ( ( f i x ed ) ( ( a )<<FIXED BITS) )

#de f i n e f add (a , b ) ( ( a )+(b) )
30 #de f i n e f sub (a , b) ( ( a ) −(b) )

#de f i n e f n eg ( a ) (−( a ) )
#de f i n e f mul ( a , b) ( ( ( a ) ∗(b) )>>FIXED BITS)
#de f i n e f d i v ( a , b) ( ( f i x ed ) ( ( ( ( i n t ) ( a ) )<<FIXED BITS) /(b) ) )
i n t f cmp ( f i x ed a , f i x ed b) ;

35

f i x e d f s i n t a b [ 5 1 2 ] ;
#de f i n e FIXED TABSIZE (512)
#de f i n e FIXED TABMASK (511)
#de f i n e FIXED COSOFFSET (128)

40 #de f i n e f s i n ( a ) ( f s i n t a b [ ( a )&FIXED TABMASK] )
#de f i n e f c o s ( a ) ( f s i n t a b [ ( ( a )+FIXED COSOFFSET)&FIXED TABMASK] )

void f i n i t ( void ) ;

45 /∗ EOF ∗/
#end i f

10 fm-osc˜.pd

14
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#N canvas 678 4 268 251 10 ;
#X obj 20 12 i n l e t ˜ ;
#X obj 17 219 osc ˜ ;
#X obj 17 189 +˜;

5 #X obj 88 7 i n l e t ;
#X obj 88 30 unpack f f ;
#X obj 18 242 ou t l e t ˜ ;
#X obj 17 124 ∗˜ ;
#X obj 34 78 s i g ˜ ;

10 #X obj 33 99 lop ˜ 10 ;
#X obj 87 76 / 640 ;
#X obj 88 168 mtof ˜ ;
#X obj 18 156 ∗˜ ;
#X obj 89 144 s c a l i f y ;

15 #X obj 182 12 i n l e t ;
#X obj 87 99 ∗ 20 ;
#X obj 87 124 + 10 ;
#X obj 17 31 hip ˜ 20 ;
#X obj 34 56 / 480 ;

20 #X connect 0 0 16 0 ;
#X connect 1 0 5 0 ;
#X connect 2 0 1 0 ;
#X connect 3 0 4 0 ;
#X connect 4 0 9 0 ;

25 #X connect 4 1 17 0 ;
#X connect 6 0 11 0 ;
#X connect 7 0 8 0 ;
#X connect 8 0 6 1 ;
#X connect 9 0 14 0 ;

30 #X connect 10 0 11 1 ;
#X connect 10 0 2 1 ;
#X connect 11 0 2 0 ;
#X connect 12 0 10 0 ;
#X connect 13 0 12 1 ;

35 #X connect 14 0 15 0 ;
#X connect 15 0 12 0 ;
#X connect 16 0 6 0 ;
#X connect 17 0 7 0 ;

11 geometry.c

/∗
hypercube −− i n t e r a c t i o n in four dimensions .
Copyright (C) 2006 Claude Heiland −Allen

5 This program i s f r e e so f tware ; you can r e d i s t r i b u t e i t and/ or
modify i t under the terms o f the GNU General Publ ic L i cense
as pub l 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 .

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

15 You should have r e c e i v ed a copy o f the GNU General Publ ic L i cense
along with t h i s program ; i f not , wr i t e to the Free Software

15
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Foundation , Inc . , 51 Frankl in Street , F i f th Floor , Boston , MA 02110−1301 , USA.
∗/
/∗ coord ina te geometry ∗/

20

#inc lude ”geometry . h”
#inc lude ” f i x ed . h”

void v2 add ( vector2 ∗p , vector2 ∗q , vector2 ∗ to ) {
25 (∗ to ) [ 0 ] = f add ( (∗p) [ 0 ] , (∗q ) [ 0 ] ) ;

(∗ to ) [ 1 ] = f add ( (∗p) [ 1 ] , (∗q ) [ 1 ] ) ;
}

void v2 sub ( vector2 ∗p , vector2 ∗q , vector2 ∗ to ) {
30 (∗ to ) [ 0 ] = f sub ( (∗p) [ 0 ] , (∗q ) [ 0 ] ) ;

(∗ to ) [ 1 ] = f sub ( (∗p) [ 1 ] , (∗q ) [ 1 ] ) ;
}

i n t v2 r turn ( vector2 ∗p , vector2 ∗q , vector2 ∗ r ) {
35 re turn (

( ( ( i n t ) ( (∗ q ) [ 0 ] ) ) ∗ ( ( i n t ) ( (∗ r ) [ 1 ] ) ) +
( ( i n t ) ( (∗p) [ 0 ] ) ) ∗ ( ( i n t ) ( (∗ q ) [ 1 ] ) ) +
( ( i n t ) ( (∗ r ) [ 0 ] ) ) ∗ ( ( i n t ) ( (∗p) [ 1 ] ) ) ) −

( ( ( i n t ) ( (∗ q ) [ 0 ] ) ) ∗ ( ( i n t ) ( (∗p) [ 1 ] ) ) +
40 ( ( i n t ) ( (∗ r ) [ 0 ] ) ) ∗ ( ( i n t ) ( (∗ q ) [ 1 ] ) ) +

( ( i n t ) ( (∗p) [ 0 ] ) ) ∗ ( ( i n t ) ( (∗ r ) [ 1 ] ) ) ) < 0
) ;

}

45 void v3 add ( vector3 ∗p , vector3 ∗q , vector3 ∗ to ) {
(∗ to ) [ 0 ] = f add ( (∗p) [ 0 ] , (∗q ) [ 0 ] ) ;
(∗ to ) [ 1 ] = f add ( (∗p) [ 1 ] , (∗q ) [ 1 ] ) ;
(∗ to ) [ 2 ] = f add ( (∗p) [ 2 ] , (∗q ) [ 2 ] ) ;

}
50

void v3 sub ( vector3 ∗p , vector3 ∗q , vector3 ∗ to ) {
(∗ to ) [ 0 ] = f sub ( (∗p) [ 0 ] , (∗q ) [ 0 ] ) ;
(∗ to ) [ 1 ] = f sub ( (∗p) [ 1 ] , (∗q ) [ 1 ] ) ;
(∗ to ) [ 2 ] = f sub ( (∗p) [ 2 ] , (∗q ) [ 2 ] ) ;

55 }

void v3 p r o j e c t ( vector3 ∗p , f i x ed d , vector2 ∗ to ) {
(∗ to ) [ 0 ] = f d i v ( f mul ( (∗p) [ 0 ] , d ) , f s ub (d , (∗p) [ 2 ] ) ) ;
(∗ to ) [ 1 ] = f d i v ( f mul ( (∗p) [ 1 ] , d ) , f s ub (d , (∗p) [ 2 ] ) ) ;

60 }

void v4 add ( vector4 ∗p , vector4 ∗q , vector4 ∗ to ) {
(∗ to ) [ 0 ] = f add ( (∗p) [ 0 ] , (∗q ) [ 0 ] ) ;
(∗ to ) [ 1 ] = f add ( (∗p) [ 1 ] , (∗q ) [ 1 ] ) ;

65 (∗ to ) [ 2 ] = f add ( (∗p) [ 2 ] , (∗q ) [ 2 ] ) ;
(∗ to ) [ 3 ] = f add ( (∗p) [ 3 ] , (∗q ) [ 3 ] ) ;

}

void v4 sub ( vector4 ∗p , vector4 ∗q , vector4 ∗ to ) {
70 (∗ to ) [ 0 ] = f sub ( (∗p) [ 0 ] , (∗q ) [ 0 ] ) ;

(∗ to ) [ 1 ] = f sub ( (∗p) [ 1 ] , (∗q ) [ 1 ] ) ;
(∗ to ) [ 2 ] = f sub ( (∗p) [ 2 ] , (∗q ) [ 2 ] ) ;
(∗ to ) [ 3 ] = f sub ( (∗p) [ 3 ] , (∗q ) [ 3 ] ) ;

16
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}
75

void v4 p r o j e c t ( vector4 ∗p , f i x ed d , vector3 ∗ to ) {
(∗ to ) [ 0 ] = f d i v ( f mul ( (∗p) [ 0 ] , d ) , f s ub (d , (∗p) [ 3 ] ) ) ;
(∗ to ) [ 1 ] = f d i v ( f mul ( (∗p) [ 1 ] , d ) , f s ub (d , (∗p) [ 3 ] ) ) ;
(∗ to ) [ 2 ] = f d i v ( f mul ( (∗p) [ 2 ] , d ) , f s ub (d , (∗p) [ 3 ] ) ) ;

80 }

void m44 mul ( matrix44 ∗p , matrix44 ∗q , matrix44 ∗ to ) {
i n t i , j , k ;
i n t s ;

85 f o r ( i = 0 ; i < 4 ; i++) {
f o r ( j = 0 ; j < 4 ; j++) {

s = 0 ;
f o r ( k = 0 ; k < 4 ; k++) {

s += ((∗p) [ i ] [ k ] ∗ (∗q ) [ k ] [ j ] ) ;
90 }

(∗ to ) [ i ] [ j ] = s >> FIXED BITS ;
}

}
}

95

void v4m44 mul ( vector4 ∗v , matrix44 ∗m, vector4 ∗ to ) {
i n t i , j ;
i n t s ;
f o r ( i = 0 ; i < 4 ; i++) {

100 s = 0 ;
f o r ( j = 0 ; j < 4 ; j++) {

s += ((∗ v ) [ j ] ∗ (∗m) [ i ] [ j ] ) ;
}
(∗ to ) [ i ] = s >> FIXED BITS ;

105 }
}

void m44 id ( matrix44 ∗m) {
i n t i , j ;

110 f o r ( i = 0 ; i < 4 ; i++) {
f o r ( j = 0 ; j < 4 ; j++) {

(∗m) [ i ] [ j ] = f i t o f ( i == j ) ;
}

}
115 }

void m44 rot1 ( matrix44 ∗m, in t d1 , i n t d2 , i n t a ) {
f i x e d c , s ;
m44 id (m) ;

120 c = f c o s ( a ) ;
s = f s i n ( a ) ;
(∗m) [ d1 ] [ d1 ] = c ; (∗m) [ d2 ] [ d1 ] = −s ;
(∗m) [ d1 ] [ d2 ] = s ; (∗m) [ d2 ] [ d2 ] = c ;

}
125

void m44 rot6 ( matrix44 ∗m, in t a01 , i n t a02 , i n t a03 ,
i n t a12 , i n t a13 , i n t a23 ) {

matrix44 m01 , m02 , m03 , m12 , m13 , m23 ;
matrix44 m0102 , m0312 , m1323 ;

130 matrix44 m01020312 ;

17
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m44 rot1(&m01 , 0 , 1 , a01 ) ;
m44 rot1(&m02 , 0 , 2 , a02 ) ;
m44 rot1(&m03 , 0 , 3 , a03 ) ;
m44 rot1(&m12 , 1 , 2 , a12 ) ;

135 m44 rot1(&m13 , 1 , 3 , a13 ) ;
m44 rot1(&m23 , 2 , 3 , a23 ) ;
m44 mul(&m01 , &m02 , &m0102) ;
m44 mul(&m03 , &m12 , &m0312) ;
m44 mul(&m13 , &m23 , &m1323) ;

140 m44 mul(&m0102 , &m0312 , &m01020312 ) ;
m44 mul(&m01020312 , &m1323 , m) ;

}

/∗ EOF ∗/

12 geometry.h

/∗
hypercube −− i n t e r a c t i o n in four dimensions .
Copyright (C) 2006 Claude Heiland −Allen

5 This program i s f r e e so f tware ; you can r e d i s t r i b u t e i t and/ or
modify i t under the terms o f the GNU General Publ ic L i cense
as pub l 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 .

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

15 You should have r e c e i v ed a copy o f the GNU General Publ ic L i cense
along with t h i s program ; i f not , wr i t e to the Free Software
Foundation , Inc . , 51 Frankl in Street , F i f th Floor , Boston , MA 02110−1301 , USA.
∗/
#i f n d e f GEOMETRYH

20 #de f i n e GEOMETRYH 1
/∗ coord ina te geometry ∗/

#inc lude ” f i x ed . h”

25 typede f f i x ed vector2 [ 2 ] ;
typede f f i x ed vector3 [ 3 ] ;
typede f f i x ed vector4 [ 4 ] ;
typede f f i x ed matrix44 [ 4 ] [ 4 ] ;

30 void v2 add ( vector2 ∗p , vector2 ∗q , vector2 ∗ to ) ;
void v2 sub ( vector2 ∗p , vector2 ∗q , vector2 ∗ to ) ;
i n t v2 r turn ( vector2 ∗p , vector2 ∗q , vector2 ∗ r ) ;

void v3 add ( vector3 ∗p , vector3 ∗q , vector3 ∗ to ) ;
35 void v3 sub ( vector3 ∗p , vector3 ∗q , vector3 ∗ to ) ;

void v3 p r o j e c t ( vector3 ∗p , f i x ed d , vector2 ∗ to ) ;

void v4 add ( vector4 ∗p , vector4 ∗q , vector4 ∗ to ) ;
void v4 sub ( vector4 ∗p , vector4 ∗q , vector4 ∗ to ) ;

40 void v4 p r o j e c t ( vector4 ∗p , f i x ed d , vector3 ∗ to ) ;

18



hypercube .gitignore

void m44 mul ( matrix44 ∗p , matrix44 ∗q , matrix44 ∗ to ) ;
void v4m44 mul ( vector4 ∗v , matrix44 ∗m, vector4 ∗ to ) ;
void m44 id ( matrix44 ∗m) ;

45 void m44 rot1 ( matrix44 ∗m, in t d1 , i n t d2 , i n t a ) ;
void m44 rot6 ( matrix44 ∗m, in t a01 , i n t a02 , i n t a03 ,

i n t a12 , i n t a13 , i n t a23 ) ;

/∗ EOF ∗/
50 #end i f

13 .gitignore

hypercube
∗ . o

14 hull2d.c

/∗
hypercube −− i n t e r a c t i o n in four dimensions .
Copyright (C) 2006 ,2017 Claude Heiland −Allen

5 This program i s f r e e so f tware ; you can r e d i s t r i b u t e i t and/ or
modify i t under the terms o f the GNU General Publ ic L i cense
as pub l 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 .

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

15 You should have r e c e i v ed a copy o f the GNU General Publ ic L i cense
along with t h i s program ; i f not , wr i t e to the Free Software
Foundation , Inc . , 51 Frankl in Street , F i f th Floor , Boston , MA 02110−1301 , USA.
∗/
/∗ 2d convex hu l l ∗/

20

#inc lude ” stack . h”
#inc lude ”geometry . h”
#inc lude ” f i x ed . h”

25 s t a t i c comparator hull2d cmp ;

s t a t i c i n t hull2d cmp ( s ta ck cont en t a , s t a ck con t en t b) {
vector2 ∗u = ( vector2 ∗) a ;
vec tor2 ∗v = ( vector2 ∗) b ;

30 i n t c = f cmp ((∗u) [ 0 ] , (∗v ) [ 0 ] ) ;
i f ( c ) re turn ( c ) ;
r e turn ( f cmp ((∗u) [ 1 ] , (∗v ) [ 1 ] ) ) ;

}

35 void hu l l2d ( s tack ∗ in , s tack ∗ to ) {
i n t i ;
s tack p , u , l ;
s copy ( in , &p) ;
s s o r t (&p , hull2d cmp ) ;

19
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40 s un iq (&p , hull2d cmp ) ;
s c l e a r (&u) ;
s push(&u , s a t (&p , 0) ) ;
s push(&u , s a t (&p , 1) ) ;
f o r ( i = 2 ; i < s s i z e (&p) ; i++) {

45 s push(&u , s a t (&p , i ) ) ;
whi l e ( s s i z e (&u) > 2 &&

! v2 rturn ( ( vector2 ∗) s a t (&u , −3) , ( vec tor2 ∗) s a t (&u , −2) , (⤦
Ç vector2 ∗) s a t (&u , −1) ) ) {

s d e l e t e (&u , −2) ;
}

50 }
s r e v e r s e (&p) ;
s c l e a r (& l ) ;
s push(&l , s a t (&p , 0) ) ;
s push(&l , s a t (&p , 1) ) ;

55 f o r ( i = 2 ; i < s s i z e (&p) ; i++) {
s push(&l , s a t (&p , i ) ) ;
whi l e ( s s i z e (& l ) > 2 &&

! v2 rturn ( ( vector2 ∗) s a t (&l , −3) , ( vec tor2 ∗) s a t (&l , −2) , (⤦
Ç vector2 ∗) s a t (&l , −1) ) ) {

s d e l e t e (&l , −2) ;
60 }

}
s d e l e t e (&l , 0) ;
s d e l e t e (&l , −1) ;
s copy(&u , to ) ;

65 s append(&l , to ) ;
}

/∗ EOF ∗/

15 hull2d.h

/∗
hypercube −− i n t e r a c t i o n in four dimensions .
Copyright (C) 2006 Claude Heiland −Allen

5 This program i s f r e e so f tware ; you can r e d i s t r i b u t e i t and/ or
modify i t under the terms o f the GNU General Publ ic L i cense
as pub l 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 .

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

15 You should have r e c e i v ed a copy o f the GNU General Publ ic L i cense
along with t h i s program ; i f not , wr i t e to the Free Software
Foundation , Inc . , 51 Frankl in Street , F i f th Floor , Boston , MA 02110−1301 , USA.
∗/
/∗ 2d convex hu l l ∗/

20

#inc lude ” stack . h”

void hu l l2d ( s tack ∗ps , s tack ∗ to ) ;

20
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25 /∗ EOF ∗/

16 hypercube.c

/∗
hypercube −− i n t e r a c t i o n in four dimensions .
Copyright (C) 2006 , 2007 Claude Heiland −Allen

5 This program i s f r e e so f tware ; you can r e d i s t r i b u t e i t and/ or
modify i t under the terms o f the GNU General Publ ic L i cense
as pub l 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 .

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

15 You should have r e c e i v ed a copy o f the GNU General Publ ic L i cense
along with t h i s program ; i f not , wr i t e to the Free Software
Foundation , Inc . , 51 Frankl in Street , F i f th Floor , Boston , MA 02110−1301 , USA.
∗/
/∗ t e s t r ender ing ∗/

20

#inc lude <s t d l i b . h>
#inc lude <sys / p o l l . h>

#i f d e f HAVE LIBLO
25 #inc lude <l o / l o . h>

#end i f

#inc lude <SDL. h>

30 #inc lude ”cube4d . h”
#inc lude ”dynamics . h”
#inc lude ” f i x ed . h”
#inc lude ”geometry . h”
#inc lude ” pa l e t t e . h”

35 #inc lude ” r 2 sd l . h”
#inc lude ” r a s t e r . h”
#inc lude ” render . h”
#inc lude ” sdl2png . h”
#inc lude ” stack . h”

40

i n t d1 = 512 ;
i n t d2 = 1024 ;
i n t a [ 4 ] [ 4 ] = {

{ 0 , 0 , 0 , 0 } ,
45 { 0 , 0 , 0 , 0 } ,

{ 0 , 0 , 0 , 0 } ,
{ 0 , 0 , 0 , 0 }

} ;

50 i n t running = 1 ;

#i f d e f HAVE LIBLO

21
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void o s c e r r o r h and l e r ( i n t n , const char ∗msg , const char ∗path ) {
p r i n t f (” l i b l o s e r v e r e r r o r %d in path %s : %s \n” , n , path , msg) ;

55 }

i n t o s c qu i t h and l e r (
const char ∗path , const char ∗ types ,
l o a r g ∗∗argv , i n t argc , void ∗data , void ∗ use r data

60 ) {
running = 0 ;
re turn (0 ) ;

}

65 i n t o s c r o t a t e i n c h and l e r (
const char ∗path , const char ∗ types ,
l o a r g ∗∗argv , i n t argc , void ∗data , void ∗ use r data

) {
i n t dim1 = argv [0]−> i ;

70 i n t dim2 = argv [1]−> i ;
i f (

0 <= dim1 && dim1 < 4 &&
0 <= dim2 && dim2 < 4 &&
dim1 < dim2

75 ) {
a [ dim1 ] [ dim2]++;

}
re turn (0 ) ;

}
80

i n t o s c r o t a t e d e c hand l e r (
const char ∗path , const char ∗ types ,
l o a r g ∗∗argv , i n t argc , void ∗data , void ∗ use r data

) {
85 i n t dim1 = argv [0]−> i ;

i n t dim2 = argv [1]−> i ;
i f (

0 <= dim1 && dim1 < 4 &&
0 <= dim2 && dim2 < 4 &&

90 dim1 < dim2
) {

a [ dim1 ] [ dim2 ] − − ;
}
re turn (0 ) ;

95 }

i n t o s c r o t a t e z e r o h and l e r (
const char ∗path , const char ∗ types ,
l o a r g ∗∗argv , i n t argc , void ∗data , void ∗ use r data

100 ) {
i n t dim1 = argv [0]−> i ;
i n t dim2 = argv [1]−> i ;
i f (

0 <= dim1 && dim1 < 4 &&
105 0 <= dim2 && dim2 < 4 &&

dim1 < dim2
) {

a [ dim1 ] [ dim2 ]=0;
}
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110 re turn (0 ) ;
}

void osc s end v2 ( l o add r e s s sender , c4d2dv ∗v2 ) {
i n t i ;

115 f o r ( i = 0 ; i < 16 ; i++) {
l o s end ( sender , ”/ hypercube/ vertex2d ” , ” i f f ” ,

i , ( f l o a t ) (∗ v2 ) [ i ] [ 0 ] , ( f l o a t ) (∗ v2 ) [ i ] [ 1 ]
) ;

}
120 }

#end i f

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

125 i n t w, h , t ;
r a s t e r ∗ rb = NULL;
r a s t e r ∗ tb = NULL;
rgb256 p ;
c4dv v4 ;

130 c4d2dv v2 ;
i n t paused = 0 ;
i n t save = 0 ;
SDL Event event ;
SDL Surface ∗ s u r f a c e = NULL;

135

#i f d e f HAVE LIBLO
in t o s c fd ;
char ∗ o s c rpo r t ;
l o s e r v e r o s c s e r v e r ;

140 s t r u c t p o l l f d p o l l f d s [ 1 ] ;

char ∗ o s c spo r t ;
l o add r e s s sender ;

#end i f
145

char f i l ename [ 6 4 ] ;
char ∗ f i l e f o rma t = ”hypercube−%08d . png ” ;
i n t f i l e c o u n t = 0 ;
i n t savecount = 512 ;

150

i f ( argc != 8) e x i t (1 ) ;

w = a to i ( argv [ 1 ] ) ;
h = a t o i ( argv [ 2 ] ) ;

155 d1 = a to i ( argv [ 3 ] ) ;
d2 = a t o i ( argv [ 4 ] ) ;
savecount = a t o i ( argv [ 5 ] ) ;

#i f d e f HAVE LIBLO
160 o s c rpo r t = argv [ 6 ] ;

o s c spo r t = argv [ 7 ] ;
#end i f

w = w < 64 ? 64 : w;
165 h = h < 64 ? 64 : h ;

d1 = d1 < 512 ? 512 : d1 ;
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d2 = d2 < 512 ? 512 : d2 ;
savecount = savecount < 1 ? 1 : savecount ;

170 #i f d e f HAVE LIBLO
os c s e r v e r = l o s e r v e r n ew ( oscrport , o s c e r r o r h and l e r ) ;
l o se rve r add method ( o s c s e rve r , ”/ hypercube/ ro t a t e / inc ” , ” i i ” , ⤦

Ç o s c r o t a t e i n c h and l e r , NULL) ;
l o se rve r add method ( o s c s e rve r , ”/ hypercube/ ro t a t e /dec ” , ” i i ” , ⤦

Ç o s c r o t a t e d e c hand l e r , NULL) ;
l o se rve r add method ( o s c s e rve r , ”/ hypercube/ ro t a t e / zero ” , ” i i ” , ⤦

Ç o s c r o t a t e z e r o hand l e r , NULL) ;
175 l o s e rve r add method ( o s c s e rve r , ”/ hypercube/ qu i t ” , ”” , o s c qu i t hand l e r , ⤦

Ç NULL) ;
o s c fd = l o s e r v e r g e t s o c k e t f d ( o s c s e r v e r ) ;
sender = lo addre s s new (NULL, o s c spo r t ) ;

#end i f

180 i f ( ( s u r f a c e = r2 sd l b e g i n (w, h) ) ) {
SDL WM SetCaption (”Hypercube ” , ”Hypercube ”) ;
f i n i t ( ) ;
cube4d in i t ( ) ;
d i n i t ( ) ;

185 rb = r a l l o c (w, h) ;
tb = r a l l o c (w, h) ;

t = 0 ;
whi l e ( running ) {

190 i f ( ! paused ) {
r c l e a r ( rb , 0) ;
p p l ana r8b i t (&p , t ) ;
d trans form (

&cube4d vertex , &v4 ,
195 a [ 0 ] [ 1 ] , a [ 0 ] [ 2 ] , a [ 0 ] [ 3 ] , a [ 1 ] [ 2 ] , a [ 1 ] [ 3 ] , a [ 2 ] [ 3 ]

) ;
n p r o j e c t (&v4 , d1 , d2 , &v2 ) ;
n s c a l e 2 s c r e e n (&v2 , w, h) ;
n l aye r ed ( rb , tb , &v2 ) ;

200 n wire frame ( rb , &v2 , 0) ;
r 2 s d l s e t p a l e t t e (&p) ;
r 2 s d l d i s p l a y ( rb ) ;
t++;

#i f d e f HAVE LIBLO
205 osc s end v2 ( sender , &v2 ) ;

#end i f
}
i f ( save ) {

s np r i n t f ( f i l ename , 60 , f i l e f o rma t , f i l e c o u n t++) ;
210 sdl2png ( f i l ename , s u r f a c e ) ;

save −−;
}
whi le ( SDL PollEvent(&event ) ) {

switch ( event . type ) {
215 case SDL QUIT :

running = 0 ;
break ;

case SDLKEYDOWN:
switch ( event . key . keysym . sym) {
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220 case SDLK ESCAPE: running = 0 ; break ;
case SDLK SPACE: paused = ! paused ; break ;
case SDLK PRINT: save = savecount ; break ;
case SDLK q : a [ 0 ] [ 1 ]++ ; break ;
case SDLK w: a [ 0 ] [ 2 ]++ ; break ;

225 case SDLK e : a [ 0 ] [ 3 ]++ ; break ;
case SDLK r : a [ 1 ] [ 2 ]++ ; break ;
case SDLK t : a [ 1 ] [ 3 ]++ ; break ;
case SDLK y : a [ 2 ] [ 3 ]++ ; break ;
case SDLK a : a [ 0 ] [ 1 ] = 0 ; break ;

230 case SDLK s : a [ 0 ] [ 2 ] = 0 ; break ;
case SDLK d : a [ 0 ] [ 3 ] = 0 ; break ;
case SDLK f : a [ 1 ] [ 2 ] = 0 ; break ;
case SDLK g : a [ 1 ] [ 3 ] = 0 ; break ;
case SDLK h : a [ 2 ] [ 3 ] = 0 ; break ;

235 case SDLK z : a [ 0 ] [ 1 ] − − ; break ;
case SDLK x : a [ 0 ] [ 2 ] − − ; break ;
case SDLK c : a [ 0 ] [ 3 ] − − ; break ;
case SDLK v : a [ 1 ] [ 2 ] − − ; break ;
case SDLK b : a [ 1 ] [ 3 ] − − ; break ;

240 case SDLK n : a [ 2 ] [ 3 ] − − ; break ;
d e f au l t : break ;
}
break ;

d e f au l t :
245 break ;

}
}

#i f d e f HAVE LIBLO
po l l f d s [ 0 ] . fd = osc fd ;

250 p o l l f d s [ 0 ] . events = POLLIN | POLLPRI ;
i f ( p o l l ( p o l l f d s , 1 , 0) > 0) {

l o s e r v e r r e c v n ob l o c k ( o s c s e rve r , 0) ;
}

#end i f
255 SDL Delay (40) ;

}

r f r e e ( tb ) ;
r f r e e ( rb ) ;

260 r 2 sd l end ( ) ;
}

re turn (0 ) ;
}

265

/∗ EOF ∗/

17 hypercube-controller-help.pd

#N canvas 372 63 270 80 10 ;
#X obj 7 8 hypercube− c o n t r o l l e r ;

18 hypercube-controller.pd

#N canvas 649 329 608 359 10 ;
#X obj 181 331 sendOSC ;

25
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#X msg 479 236 d i s connec t ;
#X obj 477 137 s e l e c t 1 0 ;

5 #X obj 11 26 bng 15 250 50 0 \$0− inc −−s \$0− inc −−r empty 0 −6 0 8 −260818
−258699 −1;
#X obj 11 42 bng 15 250 50 0 \$0−zero −−s \$0−zero −−r empty 0 −6 0 8
−260818 −258699 −1;
#X obj 11 58 bng 15 250 50 0 \$0−dec−−s \$0−dec−−r empty 0 −6 0 8 −260818

10 −258699 −1;
#X obj 27 26 bng 15 250 50 0 \$0− inc −−s \$0− inc −−r empty 0 −6 0 8 −260818
−258699 −1;
#X obj 27 42 bng 15 250 50 0 \$0−zero −−s \$0−zero −−r empty 0 −6 0 8
−260818 −258699 −1;

15 #X obj 27 58 bng 15 250 50 0 \$0−dec−−s \$0−dec−−r empty 0 −6 0 8 −260818
−258699 −1;
#X obj 43 26 bng 15 250 50 0 \$0− inc −−s \$0− inc −−r empty 0 −6 0 8 −260818
−258699 −1;
#X obj 43 42 bng 15 250 50 0 \$0−zero −−s \$0−zero −−r empty 0 −6 0 8

20 −260818 −258699 −1;
#X obj 43 58 bng 15 250 50 0 \$0−dec−−s \$0−dec−−r empty 0 −6 0 8 −260818
−258699 −1;
#X obj 59 26 bng 15 250 50 0 \$0− inc −−s \$0− inc −−r empty 0 −6 0 8 −260818
−258699 −1;

25 #X obj 59 42 bng 15 250 50 0 \$0−zero −−s \$0−zero −−r empty 0 −6 0 8
−260818 −258699 −1;
#X obj 59 58 bng 15 250 50 0 \$0−dec−−s \$0−dec−−r empty 0 −6 0 8 −260818
−258699 −1;
#X obj 75 26 bng 15 250 50 0 \$0− inc −−s \$0− inc −−r empty 0 −6 0 8 −260818

30 −258699 −1;
#X obj 75 42 bng 15 250 50 0 \$0−zero −−s \$0−zero −−r empty 0 −6 0 8
−260818 −258699 −1;
#X obj 75 58 bng 15 250 50 0 \$0−dec−−s \$0−dec−−r empty 0 −6 0 8 −260818
−258699 −1;

35 #X obj 91 26 bng 15 250 50 0 \$0− inc −−s \$0− inc −−r empty 0 −6 0 8 −260818
−258699 −1;
#X obj 91 42 bng 15 250 50 0 \$0−zero −−s \$0−zero −−r empty 0 −6 0 8
−260818 −258699 −1;
#X obj 91 58 bng 15 250 50 0 \$0−dec−−s \$0−dec−−r empty 0 −6 0 8 −260818

40 −258699 −1;
#X msg 423 89 s e t \$1 ;
#X f loatatom 210 42 5 0 0 0 port #0−port −r #0−port −s ;
#X symbolatom 116 59 21 0 0 2 host #0−host −r #0−host −s ;
#X obj 250 42 t g l 15 0 \$0−connect −s \$0−connect −r connect −44 −6 0

45 12 −24198 −90133 −1 0 1 ;
#X obj 476 171 pack f s f ;
#X obj 313 9 loadbang ;
#X msg 313 38 symbol l o c a l h o s t ;
#X msg 438 36 7777 ;

50 #X obj 523 111 r \$0−port −s ;
#X obj 437 59 s \$0−port −r ;
#X obj 313 60 s \$0−host −r ;
#X obj 490 89 r \$0−host −s ;
#X msg 11 139 send /hypercube/ ro t a t e / zero 0 1 ;

55 #X msg 11 119 send /hypercube/ ro t a t e / inc 0 1 ;
#X msg 11 159 send /hypercube/ ro t a t e /dec 0 1 ;
#X msg 11 189 send /hypercube/ ro t a t e / inc 0 2 ;
#X msg 11 209 send /hypercube/ ro t a t e / zero 0 2 ;
#X msg 11 229 send /hypercube/ ro t a t e /dec 0 2 ;
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60 #X msg 11 259 send /hypercube/ ro t a t e / inc 1 2 ;
#X msg 11 279 send /hypercube/ ro t a t e / zero 1 2 ;
#X msg 11 299 send /hypercube/ ro t a t e /dec 1 2 ;
#X msg 247 119 send /hypercube/ ro t a t e / inc 0 3 ;
#X msg 247 139 send /hypercube/ ro t a t e / zero 0 3 ;

65 #X msg 247 159 send /hypercube/ ro t a t e /dec 0 3 ;
#X msg 247 189 send /hypercube/ ro t a t e / inc 1 3 ;
#X msg 247 209 send /hypercube/ ro t a t e / zero 1 3 ;
#X msg 248 231 send /hypercube/ ro t a t e /dec 1 3 ;
#X msg 247 259 send /hypercube/ ro t a t e / inc 2 3 ;

70 #X msg 247 279 send /hypercube/ ro t a t e / zero 2 3 ;
#X msg 247 299 send /hypercube/ ro t a t e /dec 2 3 ;
#X obj 255 11 bng 10 250 50 0 \$0−quit −s \$0−quit −r qu i t −38 9 0 12
−258699 −250685 −1;
#X msg 477 209 connect \$2 \$3 ;

75 #X msg 246 92 send /hypercube/ qu i t ;
#X connect 0 0 21 0 ;
#X connect 1 0 0 0 ;
#X connect 2 0 25 0 ;
#X connect 2 1 1 0 ;

80 #X connect 3 0 34 0 ;
#X connect 4 0 33 0 ;
#X connect 5 0 35 0 ;
#X connect 6 0 38 0 ;
#X connect 7 0 37 0 ;

85 #X connect 8 0 36 0 ;
#X connect 9 0 39 0 ;
#X connect 10 0 40 0 ;
#X connect 11 0 41 0 ;
#X connect 12 0 42 0 ;

90 #X connect 13 0 43 0 ;
#X connect 14 0 44 0 ;
#X connect 15 0 45 0 ;
#X connect 16 0 46 0 ;
#X connect 17 0 47 0 ;

95 #X connect 18 0 48 0 ;
#X connect 19 0 49 0 ;
#X connect 20 0 50 0 ;
#X connect 21 0 24 0 ;
#X connect 24 0 2 0 ;

100 #X connect 25 0 52 0 ;
#X connect 26 0 27 0 ;
#X connect 26 0 28 0 ;
#X connect 27 0 31 0 ;
#X connect 28 0 30 0 ;

105 #X connect 29 0 25 2 ;
#X connect 32 0 25 1 ;
#X connect 33 0 0 0 ;
#X connect 34 0 0 0 ;
#X connect 35 0 0 0 ;

110 #X connect 36 0 0 0 ;
#X connect 37 0 0 0 ;
#X connect 38 0 0 0 ;
#X connect 39 0 0 0 ;
#X connect 40 0 0 0 ;

115 #X connect 41 0 0 0 ;
#X connect 42 0 0 0 ;
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#X connect 43 0 0 0 ;
#X connect 44 0 0 0 ;
#X connect 45 0 0 0 ;

120 #X connect 46 0 0 0 ;
#X connect 47 0 0 0 ;
#X connect 48 0 0 0 ;
#X connect 49 0 0 0 ;
#X connect 50 0 0 0 ;

125 #X connect 51 0 53 0 ;
#X connect 52 0 0 0 ;
#X connect 53 0 0 0 ;
#X coords 0 −1 1 1 256 64 1 10 10 ;

19 hypercube-receiver˜.pd

#N canvas 879 2 362 443 10 ;
#X obj 53 7 dumpOSC 8888 ;
#X obj 53 28 OSCroute /hypercube ;
#X obj 53 54 OSCroute / vertex2d ;

5 #X obj 53 77 route 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 ;
#X obj 142 264 dac ˜ ;
#X obj 110 221 expr ˜ $v1 /2 .1 \ ; $v2 / 2 . 1 ;
#X obj 9 123 fm−osc ˜ ;
#X obj 120 377 w r i t e s f ˜ 2 ;

10 #X obj 20 284 s e l e c t 1 0 ;
#X msg 53 311 stop ;
#X msg 22 343 open hypercube . wav \ , s t a r t ;
#X obj 18 261 t g l 15 0 empty empty empty 0 −6 0 8 −262144 −1 −1 0 1
;

15 #X msg 270 54 4 \$1− s c a l e ;
#X obj 270 32 f l o a t \$0 ;
#X obj 268 8 loadbang ;
#X obj 245 340 s \$0− s c a l e ;
#X obj 243 373 tab l e \$0− s c a l e 4 ;

20 #X obj 240 9 bng 15 250 50 0 empty empty empty 0 −6 0 8 −262144 −1
−1;
#X msg 245 305 0 0 4 7 10 ;
#X obj 109 123 fm−osc ˜ ;
#X obj 8 146 fm−osc ˜ ;

25 #X obj 8 168 fm−osc ˜ ;
#X obj 108 146 fm−osc ˜ ;
#X obj 108 166 fm−osc ˜ ;
#X obj 8 188 fm−osc ˜ ;
#X obj 108 188 fm−osc ˜ ;

30 #X obj 199 123 fm−osc ˜ ;
#X obj 198 146 fm−osc ˜ ;
#X obj 198 168 fm−osc ˜ ;
#X obj 299 123 fm−osc ˜ ;
#X obj 298 146 fm−osc ˜ ;

35 #X obj 298 166 fm−osc ˜ ;
#X obj 198 188 fm−osc ˜ ;
#X obj 298 188 fm−osc ˜ ;
#X obj 245 276 loadbang ;
#X connect 0 0 1 0 ;

40 #X connect 1 0 2 0 ;
#X connect 2 0 3 0 ;
#X connect 3 0 6 1 ;
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#X connect 3 1 20 1 ;
#X connect 3 2 21 1 ;

45 #X connect 3 3 24 1 ;
#X connect 3 4 19 1 ;
#X connect 3 5 22 1 ;
#X connect 3 6 23 1 ;
#X connect 3 7 25 1 ;

50 #X connect 3 8 26 1 ;
#X connect 3 9 27 1 ;
#X connect 3 10 28 1 ;
#X connect 3 11 32 1 ;
#X connect 3 12 29 1 ;

55 #X connect 3 13 30 1 ;
#X connect 3 14 31 1 ;
#X connect 3 15 33 1 ;
#X connect 5 0 4 0 ;
#X connect 5 0 7 0 ;

60 #X connect 5 1 4 1 ;
#X connect 5 1 7 1 ;
#X connect 6 0 20 0 ;
#X connect 8 0 10 0 ;
#X connect 8 1 9 0 ;

65 #X connect 9 0 7 0 ;
#X connect 10 0 7 0 ;
#X connect 11 0 8 0 ;
#X connect 12 0 6 2 ;
#X connect 12 0 19 2 ;

70 #X connect 12 0 20 2 ;
#X connect 12 0 21 2 ;
#X connect 12 0 22 2 ;
#X connect 12 0 23 2 ;
#X connect 12 0 24 2 ;

75 #X connect 12 0 25 2 ;
#X connect 12 0 26 2 ;
#X connect 12 0 27 2 ;
#X connect 12 0 28 2 ;
#X connect 12 0 29 2 ;

80 #X connect 12 0 30 2 ;
#X connect 12 0 31 2 ;
#X connect 12 0 32 2 ;
#X connect 12 0 33 2 ;
#X connect 13 0 12 0 ;

85 #X connect 14 0 13 0 ;
#X connect 17 0 13 0 ;
#X connect 18 0 15 0 ;
#X connect 19 0 22 0 ;
#X connect 20 0 21 0 ;

90 #X connect 21 0 24 0 ;
#X connect 22 0 23 0 ;
#X connect 23 0 25 0 ;
#X connect 24 0 5 0 ;
#X connect 25 0 5 0 ;

95 #X connect 26 0 27 0 ;
#X connect 27 0 28 0 ;
#X connect 28 0 32 0 ;
#X connect 29 0 30 0 ;
#X connect 30 0 31 0 ;
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100 #X connect 31 0 33 0 ;
#X connect 32 0 5 1 ;
#X connect 33 0 5 1 ;
#X connect 34 0 18 0 ;

20 Makefile

# hypercube −− i n t e r a c t i o n in four dimensions .
# Copyright (C) 2006 , 2007 Claude Heiland −Allen
#
# This program i s f r e e so f tware ; you can r e d i s t r i b u t e i t and/ or

5 # 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
# of the License , or ( at your opt ion ) any l a t e r v e r s i on .
#
# This program i s d i s t r i b u t e d in the hope that i t w i l l be use fu l ,

10 # but WITHOUT ANY WARRANTY; without even the impl i ed warranty o f
# MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the
# GNU General Publ ic L i cense f o r more d e t a i l s .
#
# You should have r e c e i v ed a copy o f the GNU General Publ ic L i cense

15 # along with t h i s program ; i f not , wr i t e to the Free Software
# Foundation , Inc . , 51 Frankl in Street , F i f th Floor , Boston , MA 02110−1301 , USA⤦

Ç .
#
# Make f i l e

20 OPTFLAGS = −O3
FEATURES = −DHAVE LIBLO
# FEATURES =

CC = gcc
25 CFLAGS = $ (OPTFLAGS) $ (FEATURES) −Wall ‘ sd l − c on f i g −− c f l a g s ‘ ‘ l ibpng − c on f i g −−⤦

Ç c f l a g s ‘ ‘ pkg− c on f i g l i b l o −− c f l a g s ‘
LIBS = ‘ sdl − c on f i g −− l i b s ‘ ‘ l ibpng − c on f i g −− l i b s ‘ ‘ pkg− c on f i g l i b l o −− l i b s ‘ −lm
RM = rm − f

OFILES = cube4d . o dynamics . o f i x e d . o geometry . o hu l l2d . o p a l e t t e . o \
30 r 2 s d l . o r a s t e r . o render . o sdl2png . o s tack . o

#

a l l : hypercube
35

c l ean :
$ (RM) $ (OFILES)

d i s t −c l ean :
40 $ (RM) hypercube

#

cube4d . o : cube4d . c cube4d . h f i x ed . h geometry . h s tack . h
45 $ (CC) $ (CFLAGS) −o cube4d . o −c cube4d . c

dynamics . o : dynamics . c dynamics . h cube4d . h f i x ed . h geometry . h
$ (CC) $ (CFLAGS) −o dynamics . o −c dynamics . c
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50 f i x e d . o : f i x ed . c f i x ed . h
$ (CC) $ (CFLAGS) −o f i x ed . o −c f i x e d . c

geometry . o : geometry . c geometry . h f i x ed . h
$ (CC) $ (CFLAGS) −o geometry . o −c geometry . c

55

hu l l2d . o : hu l l 2d . c hu l l2d . h f i x ed . h geometry . h s tack . h
$ (CC) $ (CFLAGS) −o hu l l2d . o −c hu l l2d . c

p a l e t t e . o : p a l e t t e . c p a l e t t e . h f i x ed . h
60 $ (CC) $ (CFLAGS) −o pa l e t t e . o −c pa l e t t e . c

r 2 s d l . o : r 2 s d l . c r 2 s d l . h pa l e t t e . h r a s t e r . h
$ (CC) $ (CFLAGS) −o r 2 sd l . o −c r 2 sd l . c

65 r a s t e r . o : r a s t e r . c r a s t e r . h s tack . h
$ (CC) $ (CFLAGS) −o r a s t e r . o −c r a s t e r . c

render . o : render . c render . h cube4d . h f i x ed . h geometry . h hu l l2d . h \
r a s t e r . h s tack . h

70 $ (CC) $ (CFLAGS) −o render . o −c render . c

sdl2png . o : sdl2png . c sdl2png . h
$ (CC) $ (CFLAGS) −o sdl2png . o −c sdl2png . c

75 s tack . o : s tack . c s tack . h
$ (CC) $ (CFLAGS) −o stack . o −c s tack . c

#

80 hypercube : hypercube . c cube4d . h dynamics . h f i x ed . h geometry . h \
pa l e t t e . h r 2 sd l . h r a s t e r . h render . h s tack . h cube4d . o dynamics . o f i x ed . o \
geometry . o hu l l2d . o p a l e t t e . o r 2 sd l . o r a s t e r . o render . o sdl2png . o s tack . o

$ (CC) $ (CFLAGS) −o hypercube hypercube . c cube4d . o dynamics . o \
f i x e d . o geometry . o hu l l2d . o p a l e t t e . o r 2 sd l . o r a s t e r . o render . o sdl2png . o \

85 s tack . o $ (LIBS)

# EOF

21 palette.c

/∗
hypercube −− i n t e r a c t i o n in four dimensions .
Copyright (C) 2006 Claude Heiland −Allen

5 This program i s f r e e so f tware ; you can r e d i s t r i b u t e i t and/ or
modify i t under the terms o f the GNU General Publ ic L i cense
as pub l 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 .

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

15 You should have r e c e i v ed a copy o f the GNU General Publ ic L i cense
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along with t h i s program ; i f not , wr i t e to the Free Software
Foundation , Inc . , 51 Frankl in Street , F i f th Floor , Boston , MA 02110−1301 , USA.
∗/
/∗ funky co l our p a l e t t e s ∗/

20

#inc lude ” f i x ed . h”
#inc lude ” pa l e t t e . h”

void rgb ze ro ( rgb ∗ to ) {
25 (∗ to ) [ 0 ] = f i t o f (0 ) ;

(∗ to ) [ 1 ] = f i t o f (0 ) ;
(∗ to ) [ 2 ] = f i t o f (0 ) ;

}

30 void rgb one ( rgb ∗ to ) {
(∗ to ) [ 0 ] = f i t o f (1 ) ;
(∗ to ) [ 1 ] = f i t o f (1 ) ;
(∗ to ) [ 2 ] = f i t o f (1 ) ;

}
35

void rgb copy ( rgb ∗ to , rgb ∗ from ) {
(∗ to ) [ 0 ] = (∗ from ) [ 0 ] ;
(∗ to ) [ 1 ] = (∗ from ) [ 1 ] ;
(∗ to ) [ 2 ] = (∗ from ) [ 2 ] ;

40 }

void rgb add ( rgb ∗ to , rgb ∗ from ) {
(∗ to ) [ 0 ] += (∗ from ) [ 0 ] ;
(∗ to ) [ 1 ] += (∗ from ) [ 1 ] ;

45 (∗ to ) [ 2 ] += (∗ from ) [ 2 ] ;
}

void rgb mul ( rgb ∗ to , rgb ∗ from ) {
(∗ to ) [ 0 ] = f mul ( (∗ to ) [ 0 ] , (∗ from ) [ 0 ] ) ;

50 (∗ to ) [ 1 ] = f mul ( (∗ to ) [ 1 ] , (∗ from ) [ 1 ] ) ;
(∗ to ) [ 2 ] = f mul ( (∗ to ) [ 2 ] , (∗ from ) [ 2 ] ) ;

}

void rgb sadd ( rgb ∗ to , f i x ed f ) {
55 (∗ to ) [ 0 ] = f add ( (∗ to ) [ 0 ] , f ) ;

(∗ to ) [ 1 ] = f add ( (∗ to ) [ 1 ] , f ) ;
(∗ to ) [ 2 ] = f add ( (∗ to ) [ 2 ] , f ) ;

}

60 void rgb smul ( rgb ∗ to , f i x ed f ) {
(∗ to ) [ 0 ] = f mul ( (∗ to ) [ 0 ] , f ) ;
(∗ to ) [ 1 ] = f mul ( (∗ to ) [ 1 ] , f ) ;
(∗ to ) [ 2 ] = f mul ( (∗ to ) [ 2 ] , f ) ;

}
65

void rgb sd iv ( rgb ∗ to , f i x ed f ) {
(∗ to ) [ 0 ] = f d i v ( (∗ to ) [ 0 ] , f ) ;
(∗ to ) [ 1 ] = f d i v ( (∗ to ) [ 1 ] , f ) ;
(∗ to ) [ 2 ] = f d i v ( (∗ to ) [ 2 ] , f ) ;

70 }

void rgb normal i z e ( rgb ∗ to ) {
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f i x e d max ;
i n t i ;

75 max = 0 ;
f o r ( i = 0 ; i < 3 ; i++) {

i f ( (∗ to ) [ i ] > max) {
max = (∗ to ) [ i ] ;

}
80 }

i f (max) {
r gb sd iv ( to , max + 1) ;

}
}

85

void p p l ana r8b i t ( rgb256 ∗p , i n t a ) {
i n t c , b , n ;
rgb core [ 8 ] ;
rgb co l our ;

90 f o r ( c = 0 ; c < 8 ; c++) {
core [ c ] [ 0 ] = (128 + f s i n ( ( c << 6) + a + 0) ) ;
core [ c ] [ 1 ] = (128 + f s i n ( ( c << 6) + a + 171) ) ;
core [ c ] [ 2 ] = (128 + f s i n ( ( c << 6) + a + 341) ) ;

}
95 f o r ( c = 0 ; c < 256 ; c++) {

r gb ze ro (&co lour ) ;
n = 0 ;
f o r (b = 0 ; b < 8 ; b++) {

i f ( c & (1<<b) ) {
100 rgb add(&colour , &(core [ b ] ) ) ;

n++;
}

}
i f (n ) {

105 r gb sd iv (&colour , f i t o f (n) ) ;
}
rgb copy (&((∗p) [ c ] ) , &co l our ) ;

}
}

110

/∗ EOF ∗/

22 palette.h

/∗
hypercube −− i n t e r a c t i o n in four dimensions .
Copyright (C) 2006 Claude Heiland −Allen

5 This program i s f r e e so f tware ; you can r e d i s t r i b u t e i t and/ or
modify i t under the terms o f the GNU General Publ ic L i cense
as pub l 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 .

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

15 You should have r e c e i v ed a copy o f the GNU General Publ ic L i cense
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along with t h i s program ; i f not , wr i t e to the Free Software
Foundation , Inc . , 51 Frankl in Street , F i f th Floor , Boston , MA 02110−1301 , USA.
∗/
#i f n d e f PALETTE H

20 #de f i n e PALETTE H 1
/∗ funky co l our p a l e t t e s ∗/

#inc lude ” f i x ed . h”

25 typede f f i x ed rgb [ 3 ] ;
typede f rgb rgb256 [ 2 5 6 ] ;

#de f i n e r gb f t o64 (x ) ( ( ( x ) >> 1) & 63)

30 void rgb ze ro ( rgb ∗ to ) ;
void rgb copy ( rgb ∗ to , rgb ∗ from ) ;
void rgb add ( rgb ∗ to , rgb ∗ from ) ;
void rgb mul ( rgb ∗ to , rgb ∗ from ) ;
void rgb smul ( rgb ∗ to , f i x ed f ) ;

35 void rgb sd iv ( rgb ∗ to , f i x ed f ) ;
void rgb normal i z e ( rgb ∗ to ) ;

void p p l ana r8b i t ( rgb256 ∗p , i n t a ) ;
void p s e t ( rgb256 ∗p) ;

40

/∗ EOF ∗/
#end i f

23 patches/have-liblo.patch

Index : Make f i l e
===================================================================
−−− Makef i l e ( r e v i s i o n 194)
+++ Makef i l e ( working copy )

5 @@ −17 ,7 +17 ,7 @@
#
# Makef i l e

−OPTFLAGS = −O3
10 +OPTFLAGS = −O3 −DHAVE LIBLO

CC = gcc
CFLAGS = $ (OPTFLAGS) −Wall ‘ sd l − c on f i g −− c f l a g s ‘ ‘ l ibpng − c on f i g −− c f l a g s ‘ ‘ pkg−⤦

Ç c on f i g l i b l o −− c f l a g s ‘
Index : hypercube . c

15 ===================================================================
−−− hypercube . c ( r e v i s i o n 194)
+++ hypercube . c ( working copy )
@@ −21 ,7 +21 ,9 @@ Foundation , Inc . , 51 Frankl in Street , Fi
#inc lude <s t d l i b . h>

20 #inc lude <sys / p o l l . h>

+#i f d e f HAVE LIBLO
#inc lude <l o / l o . h>

+#end i f
25

#inc lude <SDL. h>
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@@ −48 ,6 +50 ,7 @@ in t a [ 4 ] [ 4 ] = {
i n t running = 1 ;

30

+#i f d e f HAVE LIBLO
void o s c e r r o r h and l e r ( i n t n , const char ∗msg , const char ∗path ) {

p r i n t f (” l i b l o s e r v e r e r r o r %d in path %s : %s \n” , n , path , msg) ;
35 }

@@ −117 ,6 +120 ,7 @@ void osc s end v2 ( l o add r e s s sender , c4d2
) ;

}
}

40 +#end i f

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

@@ −131 ,6 +135 ,7 @@ in t main ( i n t argc , char ∗∗ argv ) {
45 SDL Event event ;

SDL Surface ∗ s u r f a c e = NULL;

+#i f d e f HAVE LIBLO
in t o s c fd ;

50 char ∗ o s c rpo r t ;
l o s e r v e r o s c s e r v e r ;

@@ −138 ,6 +143 ,7 @@ in t main ( i n t argc , char ∗∗ argv ) {

char ∗ o s c spo r t ;
55 l o add r e s s sender ;

+#end i f

char f i l ename [ 6 4 ] ;
char ∗ f i l e f o rma t = ”hypercube−%08d . png ” ;

60 @@ −151 ,9 +157 ,11 @@ in t main ( i n t argc , char ∗∗ argv ) {
d1 = a to i ( argv [ 3 ] ) ;
d2 = a t o i ( argv [ 4 ] ) ;
savecount = a t o i ( argv [ 5 ] ) ;

− o s c rpo r t = argv [ 6 ] ;
65

+#i f d e f HAVE LIBLO
+ osc rpo r t = argv [ 6 ] ;

o s c spo r t = argv [ 7 ] ;
+#end i f

70

w = w < 64 ? 64 : w;
h = h < 64 ? 64 : h ;

@@ −161 ,6 +169 ,7 @@ in t main ( i n t argc , char ∗∗ argv ) {
d2 = d2 < 512 ? 512 : d2 ;

75 savecount = savecount < 1 ? 1 : savecount ;

+#i f d e f HAVE LIBLO
os c s e r v e r = l o s e r v e r n ew ( oscrport , o s c e r r o r h and l e r ) ;
l o se rver add method ( o s c s e rve r , ”/ hypercube/ ro t a t e / inc ” , ” i i ” , ⤦

Ç o s c r o t a t e i n c h and l e r , NULL) ;
80 l o s e rver add method ( o s c s e rve r , ”/ hypercube/ ro t a t e /dec ” , ” i i ” , ⤦

Ç o s c r o t a t e d e c hand l e r , NULL) ;
@@ −169 ,6 +178 ,7 @@ in t main ( i n t argc , char ∗∗ argv ) {
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osc fd = l o s e r v e r g e t s o c k e t f d ( o s c s e r v e r ) ;

sender = lo addre s s new (NULL, o s c spo r t ) ;
85 +#end i f

i f ( ( s u r f a c e = r2 sd l b e g i n (w, h) ) ) {
SDL WM SetCaption (”Hypercube ” , ”Hypercube ”) ;

@@ −194 ,7 +204 ,9 @@ in t main ( i n t argc , char ∗∗ argv ) {
90 r 2 s d l s e t p a l e t t e (&p) ;

r 2 s d l d i s p l a y ( rb ) ;
t++;

− osc s end v2 ( sender , &v2 ) ;
+#i f d e f HAVE LIBLO

95 + osc send v2 ( sender , &v2 ) ;
+#end i f

}
i f ( save ) {

s np r i n t f ( f i l ename , 60 , f i l e f o rma t , f i l e c o u n t++) ;
100 @@ −236 ,11 +248 ,13 @@ in t main ( i n t argc , char ∗∗ argv ) {

break ;
}

}
+#i f d e f HAVE LIBLO

105 p o l l f d s [ 0 ] . fd = osc fd ;
p o l l f d s [ 0 ] . events = POLLIN | POLLPRI ;
i f ( p o l l ( p o l l f d s , 1 , 0) > 0) {

l o s e r v e r r e c v n ob l o c k ( o s c s e rve r , 0) ;
}

110 +#end i f
SDL Delay (40) ;

}

24 patches/r bitor bounded.patch

Index : r a s t e r . c
===================================================================
−−− r a s t e r . c ( r e v i s i o n 194)
+++ ra s t e r . c ( working copy )

5 @@ −147 ,6 +176 ,24 @@ void r b i t o r ( r a s t e r ∗ to , r a s t e r ∗ from ) {
}

}

+void r b i to r bounded ( r a s t e r ∗ to , const r a s t e r ∗ from , const f i x ed ∗bounds ) {
10 + in t x s t a r t ;

+ in t l a s t ;
+
+ xs t a r t = bounds [ 0 ] + bounds [ 1 ] ∗ to−>w;
+ l a s t = bounds [ 0 ] + bounds [ 3 ] ∗ to−>w;

15 +
+ fo r ( ; x s t a r t <= l a s t ; x s t a r t += to−>w)
+ {
+ p i x e l ∗ tx = to−>data + xs t a r t ;
+ p i x e l ∗ fx = from−>data + xs t a r t ;

20 + p i x e l ∗ l a s t x = tx + ( bounds [ 2 ] − bounds [ 0 ] ) ;
+
+ f o r ( ; tx <= la s t x ; )
+ ∗ tx++ |= ∗ fx++;
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+ }
25 +}

+
void r b i t and ( r a s t e r ∗ to , r a s t e r ∗ from ) {

i n t i ;
i n t n = to−>w ∗ to−>h ;

30 Index : r a s t e r . h
===================================================================
−−− r a s t e r . h ( r e v i s i o n 194)
+++ ra s t e r . h ( working copy )
@@ −39 ,9 +39 ,11 @@ p i x e l r g e t ( r a s t e r ∗rb , i n t x , i n t y ) ;

35 void r h l i n e ( r a s t e r ∗rb , i n t x0 , i n t y , i n t x1 , p i x e l pen ) ;
void r l i n e ( r a s t e r ∗rb , i n t x0 , i n t y0 , i n t x1 , i n t y1 , p i x e l pen ) ;
void r po l y ( r a s t e r ∗rb , s tack ∗p , p i x e l pen ) ;

+void r bounds ( r a s t e r ∗rb , s tack ∗p , f i x ed ∗bounds , i n t c l ea r bounds ) ;
void r f i l l p o l y ( r a s t e r ∗rb , s tack ∗p , p i x e l pen ) ;

40 void r copy ( r a s t e r ∗ to , r a s t e r ∗ from ) ;
void r b i t o r ( r a s t e r ∗ to , r a s t e r ∗ from ) ;

+void r b i to r bounded ( r a s t e r ∗ to , const r a s t e r ∗ from , const f i x ed ∗bounds ) ;
void r b i t and ( r a s t e r ∗ to , r a s t e r ∗ from ) ;
void r b i t x o r ( r a s t e r ∗ to , r a s t e r ∗ from ) ;

45

Index : render . c
===================================================================
−−− render . c ( r e v i s i o n 194)
+++ render . c ( working copy )

50 @@ −80 ,6 +80 ,8 @@ void n wire frame ( r a s t e r ∗rb , c4d2dv ∗v2 ,
void n l aye r ed ( r a s t e r ∗rb , r a s t e r ∗tb , c4d2dv ∗v2 ) {

i n t i , j ;
s tack s , t ;

+ f i x ed bounds [ 4 ] ;
55 +

fo r ( i = 0 ; i < 8 ; i++) {
r c l e a r ( tb , 0) ;
s c l e a r (&s ) ;

@@ −88 ,7 +90 ,8 @@ void n laye r ed ( r a s t e r ∗rb , r a s t e r ∗tb , c
60 }

hu l l2d (&s , &t ) ;
r f i l l p o l y ( tb , &t , 1 << i ) ;

− r b i t o r ( rb , tb ) ;
+ r bounds ( rb , &t , bounds , 1) ;

65 + r b i to r bounded ( rb , tb , bounds ) ;
}

}

25 patches/r bounds2.patch

Index : r a s t e r . c
===================================================================
−−− r a s t e r . c ( r e v i s i o n 194)
+++ ra s t e r . c ( working copy )

5 @@ −106 ,20 +97 ,53 @@ void r po l y ( r a s t e r ∗rb , s tack ∗p , p i x e l
}

}

+#de f i n e MAX(a , b) \
10 + (( a ) > (b) ? ( a ) : (b) )
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+#de f i n e MIN(a , b) \
+ (( a ) < (b) ? ( a ) : (b) )
+
+// bounds should be a f i x ed [ 4 ]

15 +void r bounds ( r a s t e r ∗rb , s tack ∗p , f i x ed ∗bounds , i n t c l ea r bounds ) {
+ in t i ;
+ vector2 ∗tmp ;
+
+ i f ( c l ea r bounds )

20 + {
+ bounds [ 0 ] = rb−>w − 1 ;
+ bounds [ 1 ] = rb−>h − 1 ;
+ bounds [ 2 ] = 0 ;
+ bounds [ 3 ] = 0 ;

25 + }
+ fo r ( i = 0 ; i < s s i z e (p) ; i++) {
+ tmp = ( vector2 ∗) s a t (p , i ) ;
+ bounds [ 0 ] = MIN( bounds [ 0 ] , (∗tmp) [ 0 ] ) ;
+ bounds [ 1 ] = MIN( bounds [ 1 ] , (∗tmp) [ 1 ] ) ;

30 + bounds [ 2 ] = MAX( bounds [ 2 ] , (∗tmp) [ 0 ] ) ;
+ bounds [ 3 ] = MAX( bounds [ 3 ] , (∗tmp) [ 1 ] ) ;
+ }
+ // ensure bounds are with in rb l im i t s
+ bounds [ 0 ] = MAX( bounds [ 0 ] , 0) ;

35 + bounds [ 1 ] = MAX( bounds [ 1 ] , 0) ;
+ bounds [ 2 ] = MIN( bounds [ 2 ] , rb−>w − 1) ;
+ bounds [ 3 ] = MIN( bounds [ 3 ] , rb−>h − 1) ;
+}
+

40 void r f i l l p o l y ( r a s t e r ∗rb , s tack ∗p , p i x e l pen ) {
i n t x , y , x0 , x1 ;

+ f i x ed bounds [ 4 ] ;
r c l e a r ( rb , 0) ;
r po l y ( rb , p , 1) ;

45 − f o r ( y = 0 ; y < rb−>h ; y++) {
+ r bounds ( rb , p , bounds , 1) ;
+ f o r ( y = bounds [ 1 ] ; y <= bounds [ 3 ] ; y++) {

x0 = rb−>w+1;
x1 = −2;

50 − f o r ( x = 0 ; x < rb−>w; x++) {
+ fo r (x = bounds [ 0 ] ; x <= bounds [ 2 ] ; x++) {

i f ( r g e t ( rb , x , y ) ) {
x0 = x ;
break ;

55 }
}

− f o r ( x = rb−>w − 1 ; x >= 0 ; x−−) {
+ fo r (x = bounds [ 2 ] ; x >= bounds [ 0 ] ; x−−) {

i f ( r g e t ( rb , x , y ) ) {
60 x1 = x ;

break ;

26 patches/r bounds.patch

Index : r a s t e r . c
===================================================================
−−− r a s t e r . c ( r e v i s i o n 194)
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+++ ra s t e r . c ( working copy )
5 @@ −106 ,20 +97 ,45 @@ void r po l y ( r a s t e r ∗rb , s tack ∗p , p i x e l

}
}

+#de f i n e MAX(a , b) \
10 + (( a ) > (b) ? ( a ) : (b) )

+#de f i n e MIN(a , b) \
+ (( a ) < (b) ? ( a ) : (b) )
+
+// bounds should be a f i x ed [ 4 ]

15 +s t a t i c void r bounds ( r a s t e r ∗rb , s tack ∗p , f i x ed ∗bounds ) {
+ in t i ;
+ vector2 ∗tmp ;
+ memset ( bounds , 0 , 4) ;
+ f o r ( i = 0 ; i < s s i z e (p) ; i++) {

20 + tmp = ( vector2 ∗) s a t (p , i ) ;
+ bounds [ 0 ] = MIN( bounds [ 0 ] , (∗tmp) [ 0 ] ) ;
+ bounds [ 1 ] = MIN( bounds [ 1 ] , (∗tmp) [ 1 ] ) ;
+ bounds [ 2 ] = MAX( bounds [ 2 ] , (∗tmp) [ 0 ] ) ;
+ bounds [ 3 ] = MAX( bounds [ 3 ] , (∗tmp) [ 1 ] ) ;

25 + }
+ bounds [ 0 ] = MAX( bounds [ 0 ] , 0) ;
+ bounds [ 1 ] = MAX( bounds [ 1 ] , 0) ;
+ bounds [ 2 ] = MIN( bounds [ 2 ] , rb−>w − 1) ;
+ bounds [ 3 ] = MIN( bounds [ 3 ] , rb−>h − 1) ;

30 +}
+
void r f i l l p o l y ( r a s t e r ∗rb , s tack ∗p , p i x e l pen ) {

i n t x , y , x0 , x1 ;
+ f i x ed bounds [ 4 ] ;

35 r c l e a r ( rb , 0) ;
r po l y ( rb , p , 1) ;

− f o r ( y = 0 ; y < rb−>h ; y++) {
+ r bounds ( rb , p , bounds ) ;
+ f o r ( y = bounds [ 1 ] ; y <= bounds [ 3 ] ; y++) {

40 x0 = rb−>w+1;
x1 = −2;

− f o r ( x = 0 ; x < rb−>w; x++) {
+ fo r (x = bounds [ 0 ] ; x <= bounds [ 2 ] ; x++) {

i f ( r g e t ( rb , x , y ) ) {
45 x0 = x ;

break ;
}

}
− f o r ( x = rb−>w − 1 ; x >= 0 ; x−−) {

50 + fo r (x = bounds [ 2 ] ; x >= bounds [ 0 ] ; x−−) {
i f ( r g e t ( rb , x , y ) ) {

x1 = x ;
break ;

27 patches/r clear-memset.patch

Index : r a s t e r . c
===================================================================
−−− r a s t e r . c ( r e v i s i o n 194)
+++ ra s t e r . c ( working copy )
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5 @@ −19 ,6 +19 ,7 @@ Foundation , Inc . , 51 Frankl in Street , Fi
/∗ r a s t e r drawing a lgor i thms ∗/

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

10

#inc lude ”geometry . h”
#inc lude ” r a s t e r . h”

@@ −42 ,11 +43 ,8 @@ void r f r e e ( r a s t e r ∗ rb ) {
}

15

void r c l e a r ( r a s t e r ∗rb , p i x e l pen ) {
− i n t i ;

i n t n = rb−>w ∗ rb−> h ;
− f o r ( i = 0 ; i < n ; i++) {

20 − rb−>data [ i ] = pen ;
− }
+ memset ( rb−>data , ( i n t ) pen , n) ;
}

25 void r p l o t ( r a s t e r ∗rb , i n t x , i n t y , p i x e l pen ) {
@@ −131 ,6 +129 ,7 @@ void r f i l l p o l y ( r a s t e r ∗rb , s tack ∗p , p i

}
}

30 +// Note : r ewr i t e with memcpy f o r speed
void r copy ( r a s t e r ∗ to , r a s t e r ∗ from ) {

i n t i ;
i n t n = to−>w ∗ to−>h ;

28 patches/README

Some patches from Nick Treleaven :

have− l i b l o . patch
Enable bu i l d i ng a ve r s i on without OSC.

5

r c l e a r −memset . patch
r c l e a r p r o f i l e d about 30% t o t a l time with d e f au l t arguments ( from README)
on my machine . Using memset that time i s ˜0 , so about 30% f a s t e r .

10 r bounds . patch
Bounds check ing patch f o r r f i l l p o l y makes i t about 20% f a s t e r on my
machine .

r bounds2 . patch
15 There was a bug in the bounds check ing patch that only minimized the lower

coord ina te . This update w i l l be a f u r t h e r 14% f a s t e r .

r b i to r bounded . patch
Patch does a bounded b i to r , i s about 40% f a s t e r than prev ious patched

20 hypercube . About 22% i s due to bounding , r e s t due to us ing ∗ptr++.

29 r2sdl.c

/∗
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hypercube −− i n t e r a c t i o n in four dimensions .
Copyright (C) 2006 Claude Heiland −Allen

5 This program i s f r e e so f tware ; you can r e d i s t r i b u t e i t and/ or
modify i t under the terms o f the GNU General Publ ic L i cense
as pub l 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 .

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

15 You should have r e c e i v ed a copy o f the GNU General Publ ic L i cense
along with t h i s program ; i f not , wr i t e to the Free Software
Foundation , Inc . , 51 Frankl in Street , F i f th Floor , Boston , MA 02110−1301 , USA.
∗/
#inc lude <SDL. h>

20 #inc lude ” r 2 sd l . h”

s t a t i c SDL Surface ∗ s u r f a c e = NULL;

SDL Surface ∗ r 2 s d l b e g i n ( i n t w, i n t h) {
25 SDL Init (SDL INIT VIDEO) ;

s u r f a c e = SDL SetVideoMode (w, h , 8 , SDL SWSURFACE) ;
re turn ( su r f a c e ) ;

}

30 void r2 sd l end ( void ) {
SDL Quit ( ) ;

}

void r 2 s d l s e t p a l e t t e ( rgb256 ∗p) {
35 i n t c ;

SDL Color c o l o r s [ 2 5 6 ] ;
f o r ( c = 0 ; c < 256 ; c++) {

c o l o r s [ c ] . r = (∗p) [ c ] [ 0 ] ;
c o l o r s [ c ] . g = (∗p) [ c ] [ 1 ] ;

40 c o l o r s [ c ] . b = (∗p) [ c ] [ 2 ] ;
}
SDL SetColors ( sur face , c o l o r s , 0 , 256) ;

}

45 void r 2 s d l d i s p l a y ( r a s t e r ∗ rb ) {
i n t x , y ;
Uint8 ∗ps = ( Uint8 ∗) sur face −>p i x e l s ;
Uint8 ∗psx ;
Uint8 ∗pr = rb−>data ;

50 SDL LockSurface ( s u r f a c e ) ;
f o r ( y = 0 ; y < rb−>h ; y++) {

psx = ps ;
f o r ( x = 0 ; x < rb−>w; x++) {

∗psx++ = ∗pr++;
55 }

ps += sur face −>p i t ch ;
}
SDL UnlockSurface ( s u r f a c e ) ;
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}
60

/∗ EOF ∗/

30 r2sdl.h

/∗
hypercube −− i n t e r a c t i o n in four dimensions .
Copyright (C) 2006 Claude Heiland −Allen

5 This program i s f r e e so f tware ; you can r e d i s t r i b u t e i t and/ or
modify i t under the terms o f the GNU General Publ ic L i cense
as pub l 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 .

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

15 You should have r e c e i v ed a copy o f the GNU General Publ ic L i cense
along with t h i s program ; i f not , wr i t e to the Free Software
Foundation , Inc . , 51 Frankl in Street , F i f th Floor , Boston , MA 02110−1301 , USA.
∗/
#i f n d e f R2SDL H

20 #de f i n e R2SDL H 1
/∗ i n t e r f a c e to SDL d i sp l ay ∗/

#inc lude <SDL. h>

25 #inc lude ” pa l e t t e . h”
#inc lude ” r a s t e r . h”

SDL Surface ∗ r 2 s d l b e g i n ( i n t w, i n t h) ;
void r2 sd l end ( void ) ;

30 void r 2 s d l s e t p a l e t t e ( rgb256 ∗p) ;
void r 2 s d l d i s p l a y ( r a s t e r ∗ rb ) ;

/∗ EOF ∗/
#end i f

31 raster.c

/∗
hypercube −− i n t e r a c t i o n in four dimensions .
Copyright (C) 2006 , 2007 Claude Heiland −Allen

5 This program i s f r e e so f tware ; you can r e d i s t r i b u t e i t and/ or
modify i t under the terms o f the GNU General Publ ic L i cense
as pub l 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 .

10 This program i s d i s t r i b u t e d in the hope that i t w i l l be use fu l ,
but WITHOUT ANY WARRANTY; without even the impl i ed warranty o f
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the
GNU General Publ ic L i cense f o r more d e t a i l s .
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15 You should have r e c e i v ed a copy o f the GNU General Publ ic L i cense
along with t h i s program ; i f not , wr i t e to the Free Software
Foundation , Inc . , 51 Frankl in Street , F i f th Floor , Boston , MA 02110−1301 , USA.
∗/
/∗ r a s t e r drawing a lgor i thms ∗/

20

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

#inc lude ”geometry . h”
25 #inc lude ” r a s t e r . h”

#inc lude ” stack . h”

r a s t e r ∗ r a l l o c ( i n t w, i n t h) {
r a s t e r ∗ rb ;

30 rb = ( r a s t e r ∗) mal loc ( s i z e o f ( r a s t e r ) + w∗h) ;
i f ( rb ) {

rb−>w = w;
rb−>h = h ;
rb−>data = ( p i x e l ∗) ( ( ( char ∗) rb ) + s i z e o f ( r a s t e r ) ) ;

35 }
re turn ( rb ) ;

}

void r f r e e ( r a s t e r ∗ rb ) {
40 i f ( rb ) {

f r e e ( rb ) ;
}

}

45 void r c l e a r ( r a s t e r ∗rb , p i x e l pen ) {
i n t n = rb−>w ∗ rb−> h ;
memset ( rb−>data , ( i n t ) pen , n) ;

}

50 void r p l o t ( r a s t e r ∗rb , i n t x , i n t y , p i x e l pen ) {
rb−>data [ y∗rb−>w+x ] = pen ;

}

p i x e l r g e t ( r a s t e r ∗rb , i n t x , i n t y ) {
55 re turn ( rb−>data [ y∗rb−>w+x ] ) ;

}

void r h l i n e ( r a s t e r ∗rb , i n t x0 , i n t y , i n t x1 , p i x e l pen ) {
i n t x ;

60 p i x e l ∗p = &(rb−>data [ y∗rb−>w+x0 ] ) ;
f o r ( x = x0 ; x <= x1 ; x++) {

∗p++ = pen ;
}

}
65

void r l i n e ( r a s t e r ∗rb , i n t x0 , i n t y0 , i n t x1 , i n t y1 , p i x e l pen ) {
shor t steep , t , dx , dy , e , de , x , y , ystep ;
s t eep = abs ( y1 − y0 ) > abs ( x1 − x0 ) ;
i f ( s t eep ) {

70 t = x0 ; x0 = y0 ; y0 = t ;
t = x1 ; x1 = y1 ; y1 = t ;
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}
i f ( x0 > x1 ) {

t = x0 ; x0 = x1 ; x1 = t ;
75 t = y0 ; y0 = y1 ; y1 = t ;

}
dx = x1 − x0 ;
dy = abs ( y1 − y0 ) ;
e = 0 ;

80 de = dy ;
y = y0 ;
ystep = ( y0 < y1 ) ? 1 : −1;
f o r ( x = x0 ; x <= x1 ; x++) {

i f ( s t eep ) {
85 r p l o t ( rb , y , x , pen ) ;

} e l s e {
r p l o t ( rb , x , y , pen ) ;

}
e += de ;

90 i f ( ( e<<1) >= dx) {
y += ystep ;
e −= dx ;

}
}

95 }

void r po l y ( r a s t e r ∗rb , s tack ∗p , p i x e l pen ) {
i n t i ;
vec tor2 ∗p0 , ∗p1 ;

100 f o r ( i = 0 ; i < s s i z e (p) ; i++) {
p0 = ( vector2 ∗) s a t (p , i − 1) ;
p1 = ( vector2 ∗) s a t (p , i ) ;
r l i n e ( rb , (∗p0 ) [ 0 ] , (∗p0 ) [ 1 ] , (∗p1 ) [ 0 ] , (∗p1 ) [ 1 ] , pen ) ;

}
105 }

#de f i n e MAX(a , b) ( ( a ) > (b) ? ( a ) : (b) )
#de f i n e MIN(a , b) ( ( a ) < (b) ? ( a ) : (b) )

110 /∗ bounds should be a f i x ed [ 4 ] ∗/
void r bounds ( r a s t e r ∗rb , s tack ∗p , f i x ed ∗bounds , i n t c l ea r bounds ) {

i n t i ;
vec tor2 ∗tmp ;
i f ( c l ea r bounds )

115 {
bounds [ 0 ] = rb−>w − 1 ;
bounds [ 1 ] = rb−>h − 1 ;
bounds [ 2 ] = 0 ;
bounds [ 3 ] = 0 ;

120 }
f o r ( i = 0 ; i < s s i z e (p) ; i++) {

tmp = ( vector2 ∗) s a t (p , i ) ;
bounds [ 0 ] = MIN( bounds [ 0 ] , (∗tmp) [ 0 ] ) ;
bounds [ 1 ] = MIN( bounds [ 1 ] , (∗tmp) [ 1 ] ) ;

125 bounds [ 2 ] = MAX( bounds [ 2 ] , (∗tmp) [ 0 ] ) ;
bounds [ 3 ] = MAX( bounds [ 3 ] , (∗tmp) [ 1 ] ) ;

}
/∗ ensure bounds are with in rb l im i t s ∗/
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bounds [ 0 ] = MAX( bounds [ 0 ] , 0) ;
130 bounds [ 1 ] = MAX( bounds [ 1 ] , 0) ;

bounds [ 2 ] = MIN( bounds [ 2 ] , rb−>w − 1) ;
bounds [ 3 ] = MIN( bounds [ 3 ] , rb−>h − 1) ;

}

135 void r f i l l p o l y ( r a s t e r ∗rb , s tack ∗p , p i x e l pen ) {
i n t x , y , x0 , x1 ;
f i x ed bounds [ 4 ] ;
r c l e a r ( rb , 0) ;
r po l y ( rb , p , 1) ;

140 r bounds ( rb , p , bounds , 1) ;
f o r ( y = bounds [ 1 ] ; y <= bounds [ 3 ] ; y++) {

x0 = rb−>w+1;
x1 = −2;
f o r ( x = bounds [ 0 ] ; x <= bounds [ 2 ] ; x++) {

145 i f ( r g e t ( rb , x , y ) ) {
x0 = x ;
break ;

}
}

150 f o r ( x = bounds [ 2 ] ; x >= bounds [ 0 ] ; x−−) {
i f ( r g e t ( rb , x , y ) ) {

x1 = x ;
break ;

}
155 }

i f ( x1 >= x0 ) {
r h l i n e ( rb , x0 , y , x1 , pen ) ;

}
}

160 }

void r copy ( r a s t e r ∗ to , r a s t e r ∗ from ) {
i n t n = to−>w ∗ to−>h ;
memcpy( to−>data , from−>data , n) ;

165 }

void r b i t o r ( r a s t e r ∗ to , r a s t e r ∗ from ) {
i n t i ;
i n t n = to−>w ∗ to−>h ;

170 f o r ( i = 0 ; i < n ; i++) {
to−>data [ i ] |= from−>data [ i ] ;

}
}

175 void r b i to r bounded ( r a s t e r ∗ to , const r a s t e r ∗ from , const f i x ed ∗bounds ) {
i n t x s t a r t ;
i n t l a s t ;
x s t a r t = bounds [ 0 ] + bounds [ 1 ] ∗ to−>w;
l a s t = bounds [ 0 ] + bounds [ 3 ] ∗ to−>w;

180 f o r ( ; x s t a r t <= l a s t ; x s t a r t += to−>w) {
p i x e l ∗ tx = to−>data + xs t a r t ;
p i x e l ∗ fx = from−>data + xs t a r t ;
p i x e l ∗ l a s t x = tx + ( bounds [ 2 ] − bounds [ 0 ] ) ;
f o r ( ; tx <= la s t x ; ) {

185 ∗ tx++ |= ∗ fx++;
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}
}

}

190 void r b i t and ( r a s t e r ∗ to , r a s t e r ∗ from ) {
i n t i ;
i n t n = to−>w ∗ to−>h ;
f o r ( i = 0 ; i < n ; i++) {

to−>data [ i ] &= from−>data [ i ] ;
195 }

}

void r b i t x o r ( r a s t e r ∗ to , r a s t e r ∗ from ) {
i n t i ;

200 i n t n = to−>w ∗ to−>h ;
f o r ( i = 0 ; i < n ; i++) {

to−>data [ i ] ˆ= from−>data [ i ] ;
}

}
205

/∗ EOF ∗/

32 raster.h

/∗
hypercube −− i n t e r a c t i o n in four dimensions .
Copyright (C) 2006 , 2007 Claude Heiland −Allen

5 This program i s f r e e so f tware ; you can r e d i s t r i b u t e i t and/ or
modify i t under the terms o f the GNU General Publ ic L i cense
as pub l 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 .

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

15 You should have r e c e i v ed a copy o f the GNU General Publ ic L i cense
along with t h i s program ; i f not , wr i t e to the Free Software
Foundation , Inc . , 51 Frankl in Street , F i f th Floor , Boston , MA 02110−1301 , USA.
∗/
#i f n d e f RASTER H

20 #de f i n e RASTER H 1
/∗ r a s t e r drawing a lgor i thms ∗/

#inc lude ” stack . h”

25 #de f i n e RASTER BPP (1)

typede f unsigned char p i x e l ;
typede f s t r u c t {

i n t w;
30 i n t h ;

p i x e l ∗data ;
} r a s t e r ;
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r a s t e r ∗ r a l l o c ( i n t w, i n t h) ;
35 void r f r e e ( r a s t e r ∗ rb ) ;

void r c l e a r ( r a s t e r ∗rb , p i x e l pen ) ;
void r p l o t ( r a s t e r ∗rb , i n t x , i n t y , p i x e l pen ) ;
p i x e l r g e t ( r a s t e r ∗rb , i n t x , i n t y ) ;
void r h l i n e ( r a s t e r ∗rb , i n t x0 , i n t y , i n t x1 , p i x e l pen ) ;

40 void r l i n e ( r a s t e r ∗rb , i n t x0 , i n t y0 , i n t x1 , i n t y1 , p i x e l pen ) ;
void r po l y ( r a s t e r ∗rb , s tack ∗p , p i x e l pen ) ;
void r bounds ( r a s t e r ∗rb , s tack ∗p , f i x ed ∗bounds , i n t c l ea r bounds ) ;
void r f i l l p o l y ( r a s t e r ∗rb , s tack ∗p , p i x e l pen ) ;
void r copy ( r a s t e r ∗ to , r a s t e r ∗ from ) ;

45 void r b i t o r ( r a s t e r ∗ to , r a s t e r ∗ from ) ;
void r b i to r bounded ( r a s t e r ∗ to , const r a s t e r ∗ from , const f i x ed ∗bounds ) ;
void r b i t and ( r a s t e r ∗ to , r a s t e r ∗ from ) ;
void r b i t x o r ( r a s t e r ∗ to , r a s t e r ∗ from ) ;

50 /∗ EOF ∗/
#end i f

33 README

hypercube −− i n t e r a c t i o n in four dimensions .
Copyright (C) 2006 ,2017 Claude Heiland −Allen

This program i s f r e e so f tware ; you can r e d i s t r i b u t e i t and/ or
5 modify i t under the terms o f the GNU General Publ ic L i cense

as pub l 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 .

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 ,
10 but WITHOUT ANY WARRANTY; without even the impl i ed warranty o f

MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the
GNU General Publ ic L i cense f o r more d e t a i l s .

You should have r e c e i v ed a copy o f the GNU General Publ ic L i cense
15 along with t h i s program ; i f not , wr i t e to the Free Software

Foundation , Inc . , 51 Frankl in Street , F i f th Floor , Boston , MA 02110−1301 , USA.

ve r s i on : 0 . 3 . 1 3
r e qu i r e s : l i b s d l , l ibpng , l i b l o

20 compi le : make
usage : . / hypercube <width> <height> <depth1> <depth2> <savecount> <⤦

Ç l i s t e npo r t> <sendport>
example : . / hypercube 640 480 512 1024 1 7777 8888
keys :
ESC −− e x i t ( or use window c l o s e button )

25 SPACE −− pause/unpause
PRINTSCREEN −− save frame to numbered PNG f i l e (∗ )
q ,w, e , r , t , y −− i n c r e a s e r o t a t i on speeds
a , s , d , f , g , h −− zero r o t a t i on speeds
z , x , c , v , b , n −− dec rea se r o t a t i on speeds

30 open sound con t r o l :
/hypercube/ qu i t −− qu i t
/hypercube/ ro t a t e / inc dim1 : f dim2 : f −− increment r o t a t i on speeds
/hypercube/ ro t a t e / zero dim1 : f dim2 : f −− stop r o t a t i o n s
/hypercube/ ro t a t e /dec dim1 : f dim2 : f −− decrement r o t a t i on speeds

35 /hypercube/ vertex2d n : i x : f y : f −− raw vertex coo rd ina t e s
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( s ee inc luded Pd f i l e s f o r examples o f c on t r o l and s o n i f i c a t i o n )

(∗ ) each time you pre s s PRINTSCREEN savecount images w i l l be
saved in the cur rent d i r e c t o r y in PNG format , with f i l enames

40 l i k e hypercube −00000000.png , hypercube −00000001.png , e t c .
Note that the counter r e s t a r t s from 0000000 each time you
r e s t a r t hypercube , so you might want to move the p r ev i ou s l y
saved images out o f the way to avoid ove rwr i t i ng them .
These frames can be converted to animated g i f us ing :

45 f i nd ∗ . png −exec convert {} {} . g i f \ ;
g i f s i c l e −− c o l o r s 256 −−delay 4 −−opt imize −− loopcount f o r e v e r \
∗ . png . g i f > hypercube . g i f

34 render.c

/∗
hypercube −− i n t e r a c t i o n in four dimensions .
Copyright (C) 2006 , 2007 Claude Heiland −Allen

5 This program i s f r e e so f tware ; you can r e d i s t r i b u t e i t and/ or
modify i t under the terms o f the GNU General Publ ic L i cense
as pub l 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 .

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

15 You should have r e c e i v ed a copy o f the GNU General Publ ic L i cense
along with t h i s program ; i f not , wr i t e to the Free Software
Foundation , Inc . , 51 Frankl in Street , F i f th Floor , Boston , MA 02110−1301 , USA.
∗/
/∗ render a hypercube in d i f f e r e n t ways ∗/

20

#inc lude < l im i t s . h>

#inc lude ”cube4d . h”
#inc lude ” f i x ed . h”

25 #inc lude ”geometry . h”
#inc lude ” hu l l2d . h”
#inc lude ” r a s t e r . h”
#inc lude ” render . h”
#inc lude ” stack . h”

30

/∗ p r o j e c t 4D to 2D ∗/
void n p r o j e c t ( c4dv ∗ from , f i x ed d43 , f i x ed d32 , c4d2dv ∗ to ) {

i n t i ;
vec tor3 v3 ;

35 f o r ( i = 0 ; i < 16 ; i++) {
v4 p ro j e c t (&((∗ from ) [ i ] ) , d43 , &v3 ) ;
v 3 p r o j e c t (&v3 , d32 , &((∗ to ) [ i ] ) ) ;

}
}

40

/∗ s c a l e 2D to f i t s c r e en ∗/
void n s c a l e 2 s c r e e n ( c4d2dv ∗v2 , i n t w, i n t h) {
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i n t i ;
s t a t i c i n t min [ 2 ] = { INT MAX, INT MAX } ;

45 s t a t i c i n t max [ 2 ] = { INT MIN , INT MIN } ;
f o r ( i = 0 ; i < 16 ; i++) {

min [ 0 ] = (∗ v2 ) [ i ] [ 0 ] < min [ 0 ] ? (∗ v2 ) [ i ] [ 0 ] : min [ 0 ] ;
min [ 1 ] = (∗ v2 ) [ i ] [ 1 ] < min [ 1 ] ? (∗ v2 ) [ i ] [ 1 ] : min [ 1 ] ;
max [ 0 ] = (∗ v2 ) [ i ] [ 0 ] > max [ 0 ] ? (∗ v2 ) [ i ] [ 0 ] : max [ 0 ] ;

50 max [ 1 ] = (∗ v2 ) [ i ] [ 1 ] > max [ 1 ] ? (∗ v2 ) [ i ] [ 1 ] : max [ 1 ] ;
}
f o r ( i = 0 ; i < 16 ; i++) {

(∗ v2 ) [ i ] [ 0 ] −= (max [ 1 ] + min [ 0 ] ) >> 1 ;
(∗ v2 ) [ i ] [ 1 ] −= (max [ 1 ] + min [ 1 ] ) >> 1 ;

55 (∗ v2 ) [ i ] [ 0 ] ∗= (w>>4) ;
(∗ v2 ) [ i ] [ 1 ] ∗= (h>>4) ;
(∗ v2 ) [ i ] [ 0 ] /= ( (max [ 0 ] − min [ 0 ] )>>4)+16;
(∗ v2 ) [ i ] [ 1 ] /= ( (max [ 1 ] − min [ 1 ] )>>4)+16;
(∗ v2 ) [ i ] [ 0 ] += (w>>1) ;

60 (∗ v2 ) [ i ] [ 1 ] += (h>>1) ;
}

}

/∗ render edges ∗/
65 void n wire frame ( r a s t e r ∗rb , c4d2dv ∗v2 , i n t pen ) {

i n t i ;
f o r ( i = 0 ; i < 32 ; i = i + 1) {

r l i n e (
rb ,

70 (∗ v2 ) [ c ub e 4d t r a i l [ i ] ] [ 0 ] ,
(∗ v2 ) [ c ub e 4d t r a i l [ i ] ] [ 1 ] ,
(∗ v2 ) [ c ub e 4d t r a i l [ i + 1 ] ] [ 0 ] ,
(∗ v2 ) [ c ub e 4d t r a i l [ i + 1 ] ] [ 1 ] ,
pen

75 ) ;
}

}

/∗ render sub−cubes as l aye r ed polygons ∗/
80 void n laye r ed ( r a s t e r ∗rb , r a s t e r ∗tb , c4d2dv ∗v2 ) {

i n t i , j ;
s tack s , t ;
f i x e d bounds [ 4 ] ;
f o r ( i = 0 ; i < 8 ; i++) {

85 r c l e a r ( tb , 0) ;
s c l e a r (&s ) ;
f o r ( j = 0 ; j < 8 ; j++) {

s push(&s , &((∗v2 ) [ cube4d cube [ i ] [ j ] ] ) ) ;
}

90 hu l l2d (&s , &t ) ;
r f i l l p o l y ( tb , &t , 1 << i ) ;
r bounds ( rb , &t , bounds , 1) ;
r b i to r bounded ( rb , tb , bounds ) ;

}
95 }

/∗ EOF ∗/
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35 render.h

/∗
hypercube −− i n t e r a c t i o n in four dimensions .
Copyright (C) 2006 Claude Heiland −Allen

5 This program i s f r e e so f tware ; you can r e d i s t r i b u t e i t and/ or
modify i t under the terms o f the GNU General Publ ic L i cense
as pub l 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 .

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

15 You should have r e c e i v ed a copy o f the GNU General Publ ic L i cense
along with t h i s program ; i f not , wr i t e to the Free Software
Foundation , Inc . , 51 Frankl in Street , F i f th Floor , Boston , MA 02110−1301 , USA.
∗/
#i f n d e f RENDERH

20 #de f i n e RENDERH 1
/∗ render a hypercube in d i f f e r e n t ways ∗/

#inc lude ”cube4d . h”
#inc lude ” f i x ed . h”

25 #inc lude ”geometry . h”
#inc lude ” r a s t e r . h”

typede f vector2 c4d2dv [ 1 6 ] ;

30 /∗ p r o j e c t 4d to 2d ∗/
void n p r o j e c t ( c4dv ∗ from , f i x ed d43 , f i x ed d32 , c4d2dv ∗ to ) ;

/∗ s c a l e 2d to f i t s c r e en ∗/
void n s c a l e 2 s c r e e n ( c4d2dv ∗v2 , i n t w, i n t h) ;

35

/∗ render edges ∗/
void n wire frame ( r a s t e r ∗rb , c4d2dv ∗v2 , i n t pen ) ;

/∗ render sub−cubes as l aye r ed polygons ∗/
40 void n laye r ed ( r a s t e r ∗rb , r a s t e r ∗tb , c4d2dv ∗v2 ) ;

/∗ EOF ∗/
#end i f

36 scalify.pd

#N canvas 490 378 226 258 10 ;
#X obj 17 12 i n l e t ;
#X obj 105 12 i n l e t ;
#X obj 17 158 tabread ;

5 #X obj 105 42 unpack f s ;
#X msg 170 68 s e t \$1 ;
#X obj 17 89 mod ;
#X obj 47 89 div ;
#X obj 17 61 t f f ;
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10 #X obj 47 111 ∗ 12 ;
#X obj 17 186 +;
#X obj 17 222 ou t l e t ;
#X obj 17 35 i n t ;
#X connect 0 0 11 0 ;

15 #X connect 1 0 3 0 ;
#X connect 2 0 9 0 ;
#X connect 3 0 5 1 ;
#X connect 3 0 6 1 ;
#X connect 3 1 4 0 ;

20 #X connect 4 0 2 0 ;
#X connect 5 0 2 0 ;
#X connect 6 0 8 0 ;
#X connect 7 0 5 0 ;
#X connect 7 1 6 0 ;

25 #X connect 8 0 9 1 ;
#X connect 9 0 10 0 ;
#X connect 11 0 7 0 ;

37 sdl2png.c

/∗
hypercube −− i n t e r a c t i o n in four dimensions .
Copyright (C) 2006 ,2017 Claude Heiland −Allen

5 This program i s f r e e so f tware ; you can r e d i s t r i b u t e i t and/ or
modify i t under the terms o f the GNU General Publ ic L i cense
as pub l 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 .

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

15 You should have r e c e i v ed a copy o f the GNU General Publ ic L i cense
along with t h i s program ; i f not , wr i t e to the Free Software
Foundation , Inc . , 51 Frankl in Street , F i f th Floor , Boston , MA 02110−1301 , USA.
∗/
#inc lude <SDL. h>

20 #inc lude <png . h>

#inc lude ” sdl2png . h”

/∗ WARNING: t h i s code i s not robust , i t assumes indexed pa l e t t e
25 mode with 256 en t r i e s , i f t h i s i s not the case i t w i l l c rash ∗/

i n t sdl2png ( char ∗ f i l ename , SDL Surface ∗ s u r f a c e ) {
FILE ∗ fp = NULL;
png s t ruc t ∗png ptr = NULL;

30 png in fo ∗ i n f o p t r = NULL;
png co lo r p a l e t t e [ 2 5 6 ] ;
i n t c , pass , passes , y ;

i f ( ( fp = fopen ( f i l ename , ”wb”) ) == NULL) {
35 re turn (1 ) ;

}
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png ptr = png c r e a t e w r i t e s t r u c t (
PNG LIBPNG VER STRING,
( void ∗) NULL, NULL, NULL

40 ) ;
i f ( png ptr == NULL) {

re turn (2 ) ;
}

45 i n f o p t r = pn g c r e a t e i n f o s t r u c t ( png ptr ) ;
i f ( i n f o p t r == NULL) {

png d e s t r o y wr i t e s t r u c t (&png ptr , ( png infopp ) NULL) ;
re turn (3 ) ;

}
50

i f ( setjmp ( png jmpbuf ( png ptr ) ) ) {
png d e s t r o y wr i t e s t r u c t (&png ptr , &i n f o p t r ) ;
r e turn (4 ) ;

}
55

pn g i n i t i o ( png ptr , fp ) ;
png s e t c ompr e s s i o n l e v e l ( png ptr , 9) ;
png set IHDR (

png ptr ,
60 i n f o p t r ,

su r face −>w,
sur face −>h ,
8 , /∗ b i t depth ∗/
PNG COLOR TYPE PALETTE,

65 PNG INTERLACE ADAM7,
PNG COMPRESSION TYPE DEFAULT,
PNG FILTER TYPE DEFAULT

) ;
f o r ( c = 0 ; c < 256 ; c++) {

70 pa l e t t e [ c ] . red = sur face −>format−>pa l e t t e −>c o l o r s [ c ] . r ;
p a l e t t e [ c ] . green = sur face −>format−>pa l e t t e −>c o l o r s [ c ] . g ;
p a l e t t e [ c ] . b lue = sur face −>format−>pa l e t t e −>c o l o r s [ c ] . b ;

}
png set PLTE ( png ptr , i n f o p t r , pa l e t t e , 256) ;

75 png wr i t e i n f o ( png ptr , i n f o p t r ) ;
pa s s e s = png s e t i n t e r l a c e h and l i n g ( png ptr ) ;
SDL LockSurface ( s u r f a c e ) ;
f o r ( pass = 0 ; pass < pas se s ; pass++) {

f o r ( y = 0 ; y < sur face −>h ; y++) {
80 png write row (

png ptr ,
( ( png bytep ) ( sur face −>p i x e l s ) ) + sur face −>p i t ch ∗ y

) ;
}

85 }
SDL UnlockSurface ( s u r f a c e ) ;
png wr i te end ( png ptr , i n f o p t r ) ;
png d e s t r o y wr i t e s t r u c t (&png ptr , &i n f o p t r ) ;
f c l o s e ( fp ) ;

90 re turn (0 ) ;
}

/∗ EOF ∗/
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38 sdl2png.h

/∗
hypercube −− i n t e r a c t i o n in four dimensions .
Copyright (C) 2006 Claude Heiland −Allen

5 This program i s f r e e so f tware ; you can r e d i s t r i b u t e i t and/ or
modify i t under the terms o f the GNU General Publ ic L i cense
as pub l 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 .

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

15 You should have r e c e i v ed a copy o f the GNU General Publ ic L i cense
along with t h i s program ; i f not , wr i t e to the Free Software
Foundation , Inc . , 51 Frankl in Street , F i f th Floor , Boston , MA 02110−1301 , USA.
∗/
#i f n d e f SDL2PNG H

20 #de f i n e SDL2PNG H 1
/∗ save SDL su r f a c e s to PNG f i l e s ∗/

#inc lude <SDL. h>

25 i n t sdl2png ( char ∗ f i l ename , SDL Surface ∗ s u r f a c e ) ;

/∗ EOF ∗/
#end i f

39 stack.c

/∗
hypercube −− i n t e r a c t i o n in four dimensions .
Copyright (C) 2006 Claude Heiland −Allen

5 This program i s f r e e so f tware ; you can r e d i s t r i b u t e i t and/ or
modify i t under the terms o f the GNU General Publ ic L i cense
as pub l 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 .

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

15 You should have r e c e i v ed a copy o f the GNU General Publ ic L i cense
along with t h i s program ; i f not , wr i t e to the Free Software
Foundation , Inc . , 51 Frankl in Street , F i f th Floor , Boston , MA 02110−1301 , USA.
∗/
/∗ s tack ∗/

20

#inc lude ” stack . h”

s ta ck cont en t s a t ( s tack ∗ s , i n t n) {
i f (n < 0) {
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25 n = s−>head + 1 + n ;
}
re turn ( s−>body [ n ] ) ;

}

30 void s d e l e t e ( s tack ∗ s , i n t n) {
i n t i ;
i f (n < 0) {

n = s−>head + 1 + n ;
}

35 f o r ( i = n + 1 ; i < s−>head + 1 ; i++) {
s−>body [ i −1] = s−>body [ i ] ;

}
( s−>head ) −−;

}
40

void s copy ( s tack ∗ s , s tack ∗d) {
i n t i ;
d−>head = s−>head ;
f o r ( i = 0 ; i < s−>head + 1 ; i++) {

45 d−>body [ i ] = s−>body [ i ] ;
}

}

void s s o r t ( s tack ∗ s , comparator c ) {
50 s t a ck con t en t v ;

i n t i ;
i n t j ;
f o r ( i = 1 ; i <= s−>head ; i++) {

v = s−>body [ i ] ;
55 f o r ( j = i −1; j >= 0 && c ( s−>body [ j ] , v ) > 0 ; j −−) {

s−>body [ j +1] = s−>body [ j ] ;
}
s−>body [ j +1] = v ;

}
60 }

void s un iq ( s tack ∗ s , comparator c ) {
i n t r , w;
w = 0 ;

65 f o r ( r = 1 ; r < s−>head + 1 ; r++) {
i f ( s−>body [w] != s−>body [ r ] ) {

w++;
s−>body [w] = s−>body [ r ] ;

}
70 }

s−>head = w;
}

void s r e v e r s e ( s tack ∗ s ) {
75 i n t i , j ;

s t a ck con t en t v ;
f o r ( i = 0 , j = s−>head ; i < j ; i++, j −−) {

v = s−>body [ i ] ;
s−>body [ i ] = s−>body [ j ] ;

80 s−>body [ j ] = v ;
}
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}

void s append ( s tack ∗ s , s tack ∗d) {
85 i n t i ;

f o r ( i = 0 ; i < s−>head + 1 ; i++) {
d−>body [ d−>head + 1 + i ] = s−>body [ i ] ;

}
d−>head += s−>head + 1 ;

90 }

/∗ EOF ∗/

40 stack.h

/∗
hypercube −− i n t e r a c t i o n in four dimensions .
Copyright (C) 2006 ,2017 Claude Heiland −Allen

5 This program i s f r e e so f tware ; you can r e d i s t r i b u t e i t and/ or
modify i t under the terms o f the GNU General Publ ic L i cense
as pub l 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 .

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

15 You should have r e c e i v ed a copy o f the GNU General Publ ic L i cense
along with t h i s program ; i f not , wr i t e to the Free Software
Foundation , Inc . , 51 Frankl in Street , F i f th Floor , Boston , MA 02110−1301 , USA.
∗/
#i f n d e f STACK H

20 #de f i n e STACK H 1
/∗ s tack ∗/

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

25 #de f i n e S MAXSIZE (64)

typede f i n t p t r t s t a ck con t en t ;

typede f i n t ( comparator ) ( s tack content , s t a ck con t en t ) ;
30

typede f s t r u c t {
shor t head ;
s t a ck con t en t body [ S MAXSIZE ] ;

} s tack ;
35

#de f i n e s c l e a r ( s ) ( ( s )−>head = −1)
#de f i n e s s i z e ( s ) ( ( s )−>head + 1)
#de f i n e s push ( s , x ) ( ( s )−>body[++(( s )−>head ) ] = ( s ta ck cont en t ) ( x ) )
#de f i n e s pop ( s ) ( ( s )−>body [ ( ( s )−>head ) −−])

40 #de f i n e s squash ( s ) ( ( ( s )−>body [ ( s )−>head −1] = \
( s )−>body [ ( s−>head ) ] ) , ( ( s )−>head−−) )

s t a ck con t en t s a t ( s tack ∗ s , i n t n) ;
void s d e l e t e ( s tack ∗ s , i n t n) ;
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void s copy ( s tack ∗ s , s tack ∗d) ;
45 void s s o r t ( s tack ∗ s , comparator c ) ;

void s un iq ( s tack ∗ s , comparator c ) ;
void s r e v e r s e ( s tack ∗ s ) ;
void s append ( s tack ∗ s , s tack ∗d) ;

50 /∗ EOF ∗/
#end i f
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