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hsext api/PureData.hs

1 api/PureData.hs

{−# OPTIONS GHC −Onot #−}
−− hsext −− Haske l l ob j e c t s f o r Pd
−− Copyright (C) 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 , ⤦

Ç USA.

20

module PureData (
Outlet ,
Method ,
Ins tance ( Instance , i I n l e t s , iOut l e t s , iMethod ) ,

25 Creator ,
Symbol ,
Atom(AFloat , ASymbol ) ,
peekSymbol ,
gensym ,

30 ) where

import Pd (
Symbol ,
Atom(AFloat , ASymbol ) ,

35 peekSymbol ,
gensym)

import Fore ign .C. Types ( CInt )
import Fore ign . Ptr ( Ptr )

40

type Outlet = CInt −> Ptr Symbol −> [Atom ] −> IO ( )
type Method = Outlet −> CInt −> Ptr Symbol −> [Atom ] −> IO ( )
data Ins tance = Ins tance {

i I n l e t s : : CInt ,
45 iOu t l e t s : : CInt ,

iMethod : : Method}
type Creator = [Atom ] −> IO (Maybe Ins tance )

2 COPYING

GNU GENERAL PUBLIC LICENSE
Vers ion 2 , June 1991

Copyright (C) 1989 , 1991 Free Software Foundation , Inc .

3



hsext COPYING

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

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 there 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

4
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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
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

5
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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 ,

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 .

6
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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 otherwi s e ) that con t r ad i c t the cond i t i on s o f t h i s License , they do not
excuse you from the cond i t i on s o f t h i s L i cense . I f you cannot
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
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

7
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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 co 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
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

8
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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 .

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 .

3 doc/create.dot

digraph G {
graph [ bgco lo r=white , rankd i r=TB] ;
edge [ c o l o r=black ] ;

9
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subgraph pdMain {
5 node [ shape=box ] ;

pdCreate [ l a b e l=”pd ” ] ;
pdNew [ l a b e l=”pd ” ] ;

}
subgraph hsextHsExt {

10 node [ shape=” e l l i p s e ” ] ;
hsCreate [ l a b e l=”HsExt . hs ” ] ;

}
subgraph h s e x t l i bh s e x t {

node [ shape=”para l l e l og ram ” ] ;
15 hs l i bCrea t e [ l a b e l=” l i b h s e x t . c ” ] ;

}
subgraph hsPlugin {

node [ shape=” e l l i p s e ” ] ;
hsCreator [ l a b e l=”UserCode . hs ” ] ;

20 }
subgraph c r ea t e {

pdCreate −> hsCreate [ l a b e l=”newMethod (wrapped ) ” ] ;
hsCreate −> hsCreator [ l a b e l =”(1) c r e a t o r ” ] ;
hsCreate −> hs l i bCrea t e [ l a b e l =”(2) l ibhsext new ” ] ;

25 hs l i bCrea t e −> pdNew [ l a b e l=”pd new ” ] ;
}

}

4 doc/dot4latex

#!/bin / sh
# @(#) c r e a t e s s c a l a b l e eps and pdf from dot− f i l e s
# @(#) by Sebast ian Die tzo ld
# @(#) see http :// s eba s t i an . d i e t z o l d . de/ blog /2005/02/16/ eps4 l a t ex

5 # @(#) usage : do t4 l a t ex f i l e 1 . dot f i l e 2 . dot . . .

i f [ ”$1” = ”” ]
then

what ‘ which $0 ‘ 2>/dev/ nu l l
10 e x i t 1

f i

f o r i in $∗
do

15 f i l e=$ i
name=‘echo $ f i l e | cut −d ” .” − f 1 ‘
dot −Tps $ f i l e −o $name . ps && cat $name . ps | sed ” s /PS−Adobe−2.0/PS−⤦

Ç Adobe−2.0 EPSF−1.2/1” >$name . eps && rm $name . ps && epstopdf $name .⤦
Ç eps −o=$name . pdf && echo $ i

done

5 doc/hsext-abstract.tex

\documentclass {NIME− a l t e r n a t e }

\begin {document}

5 \ t i t l e {hsext }
\ s u b t i t l e { [ Extended Abstract ]}

10
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\date {15 Apr i l 2007}

\numberofauthors {1}
10

\ author {
\ a l i gnauthor Claude Heiland −Allen \\
\ a f f addr {GOTO10}\\
\ emai l { claudiusmaximus@goto10 . org }

15 }

\maket i t l e

\begin { abs t r a c t }
20

hsext i s a PureData ex t e rna l l i b r a r y f o r l oad ing and us ing with in PureData code
wr i t t en in the Haske l l \ f oo tno t e {http ://www. ha s k e l l . org } programming language .
Haske l l i s a non− s t r i c t , purely − f u n c t i o n a l programming language , with
polymorphic typing , l a zy eva lua t i on and higher −order f unc t i on s . This paper aims

25 to in t roduce and d i s c u s s the motivation , implementation and use o f hsext , and
a l s o pre sent a roadmap f o r fu tu r e development .

Development o f hsext s t a r t ed in January 2007 , and hsext −0.1 was tagged on 14 th
March 2007 . hsext −0.1 i s s u f f i c i e n t to wr i t e s imple e x t e r na l s ( f o r example , a

30 g ene r i c ‘ ‘ Swap ’ ’ ob j e c t that can handle more than s i n g l e f l o a t s ) , and i s s t ab l e
and e f f i c i e n t enough to be used in l i v e performance ( f o r example , the author ’ s
‘ ‘ $d 0 \ r i ghtar row d 1 \ r i ghtar row d 2 \ r i ghtar row d 3 \ r i ghtar row d 4$ ’ ’ ) .

Motivation : C, Python , Java , and so on , are a l l imperat ive languages , wherein a
35 program c on s i s t s o f a sequence o f commands d e s c r i b i n g how to compute something .

Haske l l i s a pure f un c t i o n a l language , wherein a program c on s i s t s o f a s i n g l e
exp r e s s i on de s c r i b i n g what needs to be computed . This f o cus on the high− l e v e l
‘ ‘ what ’ ’ r a the r than the low− l e v e l ‘ ‘ how ’ ’ i s a d i s t i n g u i s h i n g c h a r a c t e r i s t i c o f
f un c t i o n a l programming languages , and a l l ows a good compi le r to make seemingly

40 a s t on i sh i ng opt im i za t i on s .

Implementation : Haske l l has a Run Time System (RTS) which must be s t a r t ed be f o r e
any Haske l l code can be used . This r e qu i r e s a smal l amount o f C code in
hsext \ s e tup ( ) to s t a r t the RTS and c a l l i n to the Haske l l code . Haske l l has a

45 Foreign Function I n t e r f a c e (FFI ) which a l l ows Haske l l to c a l l C funct i ons , and
a l s o a l l ows Haske l l f un c t i on s to be ‘ ‘ wrapped ’ ’ i n to C func t i on po i n t e r s that
are ab le to be c a l l e d from C code . Haske l l has a package f o r dynamical ly
compi l ing and load ing Haske l l code at runtime ( Plug ins ) , which hsext uses to
i n s t a n t i a t e Pd ob j e c t s de f i ned by user −c r ea ted Haske l l code .

50

\begin { f i g u r e } [ t ]
\begin {verbatim}
module Swap where
import PureData

55 import Data . IORef

c r e a t o r : : Creator
c r e a t o r args = do

bang <− gensym ”bang”
60 s t a t e <− newIORef ( bang , [ ] )

r e turn ( Just Ins tance {
i I n l e t s = 2 ,
iOu t l e t s = 2 ,

11
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iMethod = i n l e t s t a t e })
65

i n l e t s t a t e ou t l e t 0 s m = do
( rs , rm) <− readIORef s t a t e
ou t l e t 1 s m
ou t l e t 0 r s rm

70 re turn ( )

i n l e t s t a t e ou t l e t 1 s m = do
writeIORef s t a t e ( s ,m)
return ( )

75 \end{verbatim}
\ capt ion {Example : a g en e r i c ‘ ‘ Swap ’ ’ ob j e c t in hsext −0 . 1 .}
\end{ f i g u r e }

The next l e v e l : the PureData i n t e r f a c e de f ined by hsext −0.1 i s d e f i c i e n t , f o r
80 s e v e r a l reasons , c h i e f among them being the d i s t anc e between Pd ’ s way o f doing

th ing s and how hsext p r e s en t s that to the user −c r ea ted Haske l l code . These
d e f i c i e n c i e s w i l l be r e c t i f i e d in hsext −1 . 0 .

Pipe dreams : whi l e hsext −0.1 i s s u f f i c i e n t f o r s imple tasks , and hsext −1.0 w i l l
85 make the expe r i ence more user − f r i e n d l y and complete , the re remains the i s s u e o f

having to marsha l l a l l data sent between ob j e c t s i n to Pd ’ s messages − l i s t s o f
symbols and f l o a t s . hsext −2.0 w i l l l i f t t h i s marsha l l ing r e s p o n s i b i l i t y from
the user −c r ea ted Haske l l code , a l l ow ing a rb i t r a r y Haske l l va lue s to be passed
between hsext ob j e c t s . This can be implemented us ing the Haske l l l i b r a r i e s

90 Data . Typeable and Data . Dynamic .

\end{ abs t r a c t }

\keywords{PureData , exte rna l , Haske l l }
95

\end{document}

6 doc/hsext.tex

\documentclass {NIME− a l t e r n a t e }

\usepackage { graphicx }

5 \begin {document}

\ t i t l e {hsext }
\ s u b t i t l e { [ Draft Vers ion ]}
\date {27 March 2007}

10

\numberofauthors {1}

\ author {
\ a l i gnauthor Claude Heiland −Allen \\

15 \ a f f addr {GOTO10}\\
\ emai l { claudiusmaximus@goto10 . org }
}

\maket i t l e
20

\begin { abs t r a c t }

12
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hsext i s a PureData ex t e rna l l i b r a r y f o r l oad ing and us ing with in PureData code
wr i t t en in the Haske l l \ f oo tno t e {http ://www. ha s k e l l . org } programming language .

25

Haske l l i s a non− s t r i c t , purely − f u n c t i o n a l programming language , with
polymorphic typing , l a zy eva lua t i on and higher −order f unc t i on s .

This paper aims to in t roduce and d i s c u s s the motivation , implementation and use
30 o f hsext , and a l s o pre sent a roadmap f o r fu tu r e development .

\end{ abs t r a c t }

\keywords{PureData , exte rna l , Haske l l }
35

\ s e c t i o n { In t roduc t i on }

The b i r th o f hsext can be traced to l a t e 2006 , when the author returned to
40 Haske l l a f t e r s e v e r a l years ’ abscence . Development o f hsext s t a r t ed in January

2007 , and hsext −0.1 was tagged on 14 th March 2007 .

hsext −0.1 i s s u f f i c i e n t to wr i t e s imple ex t e rna l s , such as a g ene r i c ‘ ‘ Swap ’ ’
e x t e rna l that can swap a rb i t r a r y messages (Pd ’ s i n t e r n a l ‘ ‘ swap ’ ’ i s s p e c i f i c to

45 ‘ ‘ f l o a t ’ ’ messages ) .

\ s e c t i o n {Motivation : Why Haske l l ?}

50 C, Python , Java , and so on , are a l l imperat ive languages , wherein a program
c on s i s t s o f a sequence o f commands d e s c r i b i n g how to compute something . Haske l l
i s a pure f un c t i o n a l language , wherein a program c on s i s t s o f a s i n g l e exp r e s s i on
d e s c r i b i n g what needs to be computed . This f o cus on the high− l e v e l ‘ ‘ what ’ ’
r a the r than the low− l e v e l ‘ ‘ how ’ ’ i s a d i s t i n g u i s h i n g c h a r a c t e r i s t i c o f ⤦

Ç f u n c t i o n a l
55 programming languages .

The ‘ ‘ pur i ty ’ ’ o f Haske l l −− the e x p l i c i t s epa ra t i on o f
execut ion o f ‘ ‘ ac t i ons ’ ’ ( which may have s i d e e f f e c t s ) and eva lua t i on o f
e xp r e s s i on s ( which may not ) −− a l l ows a good compi le r to make seemingly

60 a s t on i sh i ng opt im i za t i on s \ f oo tno t e {ClaudiusMaximus : Compiling with −O2 reduced
the time taken by my program ’ s execut ion from 28 mins to 17 seconds . −− Haske l l
Weekly News : January 31 , 2007 : Quotes o f the Week
http :// sequence . complete . org /hwn/20070131} .

65 Haske l l i s non− s t r i c t , us ing lazy eva lua t i on by de f au l t . This a l l ows i n f i n i t e
data s t r u c t u r e s to be def ined , and eva luated j u s t as much as i s nece s sa ry ( but
no more ) . The c l a s s i c example i s the s imple d e f i n i t i o n o f the Fibonacc i
sequence \ f oo tno t e {0 , 1 , 1 , 2 , 3 , 5 , 8 , 13 , 21 , 34 , . . . where each s u c c e s s i v e
number i s the sum of the prev ious two numbers

70 http ://www. r e s ea r ch . a t t . com/˜ n jas / sequences /A000045} by :

\begin {verbatim}
f i b s = 0 : 1 : zipWith (+) f i b s ( t a i l f i b s )
\end{verbatim}

75

\ s e c t i o n { Implementation : Weaving from C to Haske l l and back again }

13
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Haske l l has a Run Time System (RTS) which must be s t a r t ed be f o r e any Haske l l
80 code can be used . When compi l ing standa lone programs t h i s i s handled

automat i ca l l y by the Haske l l compiler , but f o r shared l i b r a r i e s such as Pd
ex t e r na l s the re i s not such compi le r support ( as o f ghc −6 .6 , the cur rent s t ab l e
r e l e a s e o f the most preva l en t Haske l l compi le r ) . This prevents hsext being
wr i t t en s o l e l y in Haske l l , and so the re i s a smal l amount o f C code that s t a r t s

85 the RTS and c a l l s the main hsext entry po int ( wr i t t en in Haske l l ) ( Figure
\ r e f {F: setup }) .

\begin { f i g u r e }
\ c en t e r i ng

90 \ i n c l udeg r aph i c s { setup }
\ capt ion {Control f low when load ing hsext .}
\ l a b e l {F: setup }

\end{ f i g u r e }

95 Haske l l has a Fore ign Function I n t e r f a c e (FFI ) which a l l ows Haske l l to c a l l C
funct i ons , and a l s o a l l ows Haske l l f un c t i on s to be ‘ ‘ wrapped ’ ’ i n to C func t i on
po i n t e r s that are ab le to be c a l l e d from C code . The t o o l hsc2hs he lps wr i t e
Haske l l to manipulate C va lues ( i n c l ud ing d e f i n e s and s t r u c t s ) , but the author
found i t more comfortab le to wr i t e smal l he lpe r f unc t i on s ( l i b h s e x t ) in C to

100 abs t r a c t some o f the more i d i o s y n c r a t i c a spec t s o f Pd ’ s API from the Haske l l
part o f hsext .

Haske l l has a package f o r dynamical ly compi l ing and load ing Haske l l code at
runtime ( Plug ins ) . When an hsext ob j e c t i s i n s t a n t i a t e d in Pd , the f i r s t

105 c r e a t i on argument i s used to form the name o f a Haske l l source code f i l e to
compi le and load . This Haske l l source code d e f i n e s a ‘ ‘ r e source ’ ’ , which must ⤦

Ç be
o f type ‘ ‘ Creator ’ ’ ( which i s de f i ned by the ‘ ‘ PureData ’ ’ API provided by hsext )⤦

Ç ,
and the remaining c r e a t i on arguments are passed to i t . The c r e a t o r r e s ou r c e in
hsext −0.1 can r e j e c t the arguments , or i t may return an ‘ ‘ Instance ’ ’ s p e c i f y i n g

110 the number o f i n l e t s and out l e t s , and a s i n g l e funct ion , which w i l l handle a l l
messages a r r i v i n g at the i n l e t s ( Figure \ r e f {F: c r e a t e }) .

\begin { f i g u r e }
\ c en t e r i ng

115 \ i n c l udeg r aph i c s { c r e a t e }
\ capt ion {Control f low when c r e a t i n g a hsext ob j e c t .}
\ l a b e l {F: c r e a t e }

\end{ f i g u r e }

120 Pd ’ s API has s e v e r a l f un c t i on s to c r e a t e i n l e t s and add methods , but in
hsext −0.1 an ob j e c t has but one method ( a des ign d e c i s i o n that l a t e r turned out
to be a mistake ) . I f the Creator r e tu rn s an Ins tance s u c c e s s f u l l y , hsext c a l l s
out to l i b h s e x t to c r e a t e a new Pd ob j e c t with the r equ i r ed number o f proxy
i n l e t s ( a techn ique used in Pd ’ s ‘ ‘ l i s t ’ ’ f ami ly o f ob j e c t s ) and the r equ i r ed

125 number o f ou t l e t s , then l i n k s the Pd ob j e c t with the Ins tance and re tu rn s the
Pd ob j e c t to the c a l l e r ( the main Pd program ) .

When the Pd ob j e c t r e c e i v e s a message at one o f i t s proxy i n l e t s , Pd c a l l s a
func t i on in l i b h s e x t . This func t i on l ooks in to the i n l e t s t r u c tu r e to f i nd the

130 owning Ins tance ID , and pas s e s a l l t h i s in fo rmat ion in to the Haske l l core o f
hsext . The core c a l l s the one method de f ined in the Ins tance with these
arguments , and in add i t i on pas s e s in a s t r u c tu r e expos ing the PureData API . In

14
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hsext −0.1 t h i s l a s t i s a func t i on that can be used to send messages to the Pd
object ’ s o u t l e t s ( and thus back in to the C environment o f the Pd main program )

135 ( Figure \ r e f {F: i n l e t }) .

\begin { f i g u r e }
\ c en t e r i ng
\ i n c l udeg r aph i c s { i n l e t }

140 \ capt ion {Control f low when data a r r i v e s at an hsext i n l e t .}
\ l a b e l {F: i n l e t }

\end{ f i g u r e }

\ s e c t i o n {Using hsext : a g ene r i c Swap ob j e c t }
145

The s imp l e s t not−quite − t r i v i a l example showing most o f the f e a t u r e s o f hsext −0.1
f o l l ow s . We want to bu i ld a Pd ob j e c t that behaves l i k e Pd ’ s i n t e r n a l swap , but
that can operate on a rb i t r a r y messages , not j u s t f l o a t messages . We are going
to c a l l i t Swap , s t o r e i t in a f i l e c a l l e d Swap . hs , and i n s t a n t i a t e i t in Pd

150 l i k e [ hsext Swap ] .

F i r s t , we need a module d e c l a r a t i on :

\begin {verbatim}
155 module Swap where

\end{verbatim}
Next , we need to import the PureData API :
\begin {verbatim}
import PureData

160 \end{verbatim}
We need to pre s e rve s t a t e between c a l l s from Pd , and a s imple way to do t h i s i s
us ing IORefs :
\begin {verbatim}
import Data . IORef

165 \end{verbatim}

Now we can de f i n e our c r e a t o r re source , which c r e a t e s a new i n i t i a l s t a t e and
re tu rn s an Ins tance . Not ice how the s t a t e va r i a b l e r e f e r e n c e i s embedded in the
returned method :

170 \begin {verbatim}
c r e a t o r : : Creator
c r e a t o r args = do

bang <− gensym ”bang”
s t a t e <− newIORef ( bang , [ ] )

175 re turn ( Just Ins tance {
i I n l e t s = 2 ,
iOu t l e t s = 2 ,
iMethod = i n l e t s t a t e })

\end{verbatim}
180

The l e f t i n l e t r e c a l l s the s to r ed s t a t e ( a message ) , sends the incoming message
to the r i g h t out l e t , and sends the r e c a l l e d message to the l e f t o u t l e t :
\begin {verbatim}
i n l e t s t a t e ou t l e t 0 s m = do

185 ( rs , rm) <− readIORef s t a t e
ou t l e t 1 s m
ou t l e t 0 r s rm
return ( )

\end{verbatim}

15
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190 The r i gh t i n l e t s imply s t o r e s the incoming message :
\begin {verbatim}
i n l e t s t a t e ou t l e t 1 s m = do

writeIORef s t a t e ( s ,m)
return ( )

195 \end{verbatim}

\ s e c t i o n {The next l e v e l : towards hsext −1.0}

200 The PureData i n t e r f a c e de f ined by hsext −0.1 i s d e f i c i e n t , f o r s e v e r a l
r easons :

\begin { i t em i z e }

205 \ item The ‘ ‘ c r e a t o r re source ’ ’ imp l i e s that a Pd ob j e c t wr i t t en in Haske l l
cannot have a s t a t e shared between i t s i n s t an c e s \ f oo tno t e {Haske l l p rov ide s
f un c t i on s such as unsafePerformIO which might be used to work around th i s , but
these are f raught with danger } .

210 \ item The ‘ ‘ c r e a t o r re source ’ ’ imp l i e s that each Haske l l source f i l e can de f i n e
only one Pd ob j e c t c l a s s .

\ item The ‘ ‘ one method f o r a l l i n l e t s ’ ’ paradigm i s mismatched to Pd ’ s way o f
doing th ings , making i t awkward to have d i f f e r e n t behaviour f o r d i f f e r e n t

215 s e l e c t o r s .

\ item Pass ing the ‘ ‘ o u t l e t funct ion ’ ’ to the i n l e t method i s non− e x t e n s i b l e .

\ item An i n s u f f i c i e n t amount o f Pd ’ s f u n c t i o n a l i t y i s a c c e s s i b l e from Haske l l .
220

\end{ i t em i z e }

These d e f i c i e n c i e s could be r e c t i f i e d in the f o l l ow i ng ways :

225 \begin { i t em i z e }

\ item Replace the ‘ ‘ c r e a t o r resource ’ ’ with a ‘ ‘ setup resource ’ ’ , which hsext
w i l l guarantee i s executed exac t l y once ( thus a l l ow ing s t a t e unique to each
source f i l e ) .

230

\ item Map to Pd ’ s API more d i r e c t l y from hsext ’ s PureData i n t e r f a c e . In
pa r t i c u l a r , wrap ac c e s s to Pd ob j e c t c l a s s c r ea t i on , and int roduce a ‘ ‘ one
method f o r each ( i n l e t , s e l e c t o r ) pair ’ ’ paradigm ( whi l e s t i l l a l l ow ing
‘ ‘ anything ’ ’ methods f o r a l l i n l e t s ) .

235

\ item Pass a Haske l l r ecord conta in ing a c o l l e c t i o n o f p o s s i b l e API c a l l s to
each method , ensur ing fu tu r e e x t e n s i b i l i t y without r e qu i r i n g hsext u s e r s to
modify t h e i r code .

240 \ item Wrap more o f Pd ’ s API , i n c l ud ing :
\begin { i t em i z e }

\ item Clock c a l l b a c k s .
\ item Receive names .
\ item Table a c c e s s .

245 \ item Pointer atoms .
\end{ i t em i z e }

16
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\end{ i t em i z e }

250 \ s e c t i o n {Pipe dreams : sending Haske l l data through Pd patch−cords }

TODO FIXME

\end{document}

7 doc/inlet.dot

digraph G {
graph [ bgco lo r=white , rankd i r=TB] ; /∗ s e t background ∗/
edge [ c o l o r=black ] ;
subgraph pdMain {

5 node [ shape=box ] ;
pd In l e t [ l a b e l=”pd ” ] ;
pdOutlet [ l a b e l=”pd ” ] ;

}
subgraph hsextHsExt {

10 node [ shape=” e l l i p s e ” ] ;
h s I n l e t [ l a b e l=”HsExt . hs ” ] ;
hsOutlet [ l a b e l=”HsExt . hs ” ] ;

}
subgraph h s e x t l i bh s e x t {

15 node [ shape=”para l l e l og ram ” ] ;
hs l ib In l e tWrapper [ l a b e l=” l i b h s e x t . c ” ] ;
hs l ibOutletWrapper [ l a b e l=” l i b h s e x t . c ” ] ;

}
subgraph hsPlugin {

20 node [ shape=” e l l i p s e ” ] ;
hsInletMethod [ l a b e l=”UserCode . hs ” ] ;

}
subgraph i n l e t {

pdIn l e t −> hs l ib In l e tWrapper [ l a b e l=” l i b h s e x t i n l e t ” ] ;
25 hs l ib In l e tWrapper −> h s I n l e t [ l a b e l=”inletMethod (wrapped ) ” ] ;

h s I n l e t −> hsInletMethod [ l a b e l=”Ins tance { iMethod } ” ] ;
}
subgraph ou t l e t {

hsInletMethod −> hsOutlet [ l a b e l=”ou t l e t ( passed ) ” ] ;
30 hsOutlet −> hsl ibOutletWrapper [ l a b e l=” l i b h s e x t o u t l e t ” ] ;

hs l ibOutletWrapper −> pdOutlet [ l a b e l=”ou t l e t any th ing ” ] ;
}

}

8 doc/layers.dot

digraph G {
graph [ bgco lo r=white , rankd i r=TB] ; /∗ s e t background ∗/
edge [ c o l o r=black ] ;
subgraph pdMain {

5 node [ shape=box ] ;
pdLoad [ l a b e l=”pd ” ] ;
pdCreate [ l a b e l=”pd ” ] ;
pd In l e t [ l a b e l=”pd ” ] ;
pdOutlet [ l a b e l=”pd ” ] ;

17
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10 pdNew [ l a b e l=”pd ” ] ;
}
subgraph hsextboot s t rap {

node [ shape=”diamond ” ] ;
hsBootstrap [ ” boots t rap . c ” ] ;

15 }
subgraph hsextHsExt {

node [ shape=” e l l i p s e ” ] ;
hsSetup [ l a b e l=”HsExt . hs ” ] ;
hsCreate [ l a b e l=”HsExt . hs ” ] ;

20 h s I n l e t [ l a b e l=”HsExt . hs ” ] ;
hsOutlet [ l a b e l=”HsExt . hs ” ] ;

}
subgraph h s e x t l i bh s e x t {

node [ shape=”para l l e l og ram ” ] ;
25 hs l ibSe tup [ l a b e l=” l i b h s e x t . c ” ] ;

h s l i bCrea t e [ l a b e l=” l i b h s e x t . c ” ] ;
hs l ib In l e tWrapper [ l a b e l=” l i b h s e x t . c ” ] ;
hs l ibOutletWrapper [ l a b e l=” l i b h s e x t . c ” ] ;

}
30 subgraph hsPlugin {

node [ shape=” e l l i p s e ” ] ;
hsCreator [ l a b e l=”UserCode . hs ” ] ;
hsInletMethod [ l a b e l=”UserCode . hs ” ] ;

}
35 subgraph load {

pdLoad −> hsBootstrap [ l a b e l=”hsex t s e tup ” ] ;
hsBootstrap −> hsSetup [ l a b e l=”h s e x t i n i t ” ] ;
hsSetup −> hs l ibSe tup [ l a b e l=” l i b h s e x t s e t up ” ] ;

}
40 subgraph c r ea t e {

pdCreate −> hsCreate [ l a b e l=”newMethod (wrapped ) ” ] ;
hsCreate −> hsCreator [ l a b e l =”(1) c r e a t o r ” ] ;
hsCreate −> hs l i bCrea t e [ l a b e l =”(2) l ibhsext new ” ] ;
h s l i bCrea t e −> pdNew [ l a b e l=”pd new ” ] ;

45 }
subgraph i n l e t {

pdIn l e t −> hs l ib In l e tWrapper [ l a b e l=” l i b h s e x t i n l e t ” ] ;
hs l ib In l e tWrapper −> h s I n l e t [ l a b e l=”inletMethod (wrapped ) ” ] ;
h s I n l e t −> hsInletMethod [ l a b e l=”Ins tance { iMethod } ” ] ;

50 }
subgraph ou t l e t {

hsInletMethod −> hsOutlet [ l a b e l=”ou t l e t ( passed ) ” ] ;
hsOutlet −> hsl ibOutletWrapper [ l a b e l=” l i b h s e x t o u t l e t ” ] ;
hs l ibOutletWrapper −> pdOutlet [ l a b e l=”ou t l e t any th ing ” ] ;

55 }
}

9 doc/make-abstract.sh

#!/bin /bash
pd f l a t ex hsext −abs t r a c t . tex
pd f l a t ex hsext −abs t r a c t . tex

10 doc/make.sh

18
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#!/bin /bash
. / dot4 l a t ex setup . dot
. / dot4 l a t ex c r e a t e . dot
. / dot4 l a t ex i n l e t . dot

5 pd f l a t ex hsext . tex
pd f l a t ex hsext . tex

11 doc/NIME-alternate.cls

% SIG−ALTERNATE.CLS − VERSION 1.7
% ”COMPATIBLE” WITH THE ”ACM PROC ARTICLE−SP .CLS” V2. 7SP
% Gerald Murray October 15 th . 2004
%

5 % −−−− Star t o f ’ updates ’ −−−−

%
% Allowance made to switch d e f au l t f on t s between those systems us ing
% METAFONT and those us ing ’Type 1 ’ or ’ Truetype ’ f on t s .
% See LINE NUMBER 252 f o r d e t a i l s .

10 % Also provided f o r enumerated/ annotated Co r o l l a r i e s ’ surrounded ’ by
% enumerated Theorems ( l i n e 841) .
% Gerry November 11 th . 1999
%
% Made the Permiss ion Statement / Conference In f o / Copyright In f o

15 % ’ user de f i nab l e ’ in the source . tex f i l e OR automatic i f
% not s p e c i f i e d .
%
% Georgia f i x ed bug in sub−sub− s e c t i o n numbering in paragraphs ( July 29 th . 2002)
% JS/GM f i x to v e r t i c a l spac ing be f o r e Proofs ( July 30 th . 2002)

20 %
% Footnotes i n s i d e t ab l e c e l l s us ing \minipage (Oct . 2002)
%
% −−−− End o f ’ updates ’ −−−−
%

25 \ de f \ f i l e v e r s i o n {v1 .7} % fo r ACM’ s t rack ing purposes
\ de f \ f i l e d a t e {October 15 , 2004} % Gerry Murray ’ s t r a ck ing data
\ de f \docdate {Friday 15 th . October 2004} % Gerry Murray ( with d e l t a s to doc}
\usepackage { e p s f i g }
\usepackage {amssymb}

30 \usepackage {amsmath}
\usepackage { amsfonts }
%
% SIG−ALTERNATE DOCUMENT STYLE
% G.K.M. Tobin August−October 1999

35 % adapted from ARTICLE document s t y l e by Ken Traub , Olin Sh ive r s
% a l s o us ing e lements o f esub2acm . c l s
% HEAVILY MODIFIED, SUBSEQUENTLY, BY GERRY MURRAY 2000
% ARTICLE DOCUMENT STYLE −− Released 16 March 1988
% f o r LaTeX ve r s i on 2 .09

40 % Copyright (C) 1988 by L e s l i e Lamport
%
%
%%% sig − a l t e r n a t e . c l s i s an ’ALTERNATE’ document s t y l e f o r producing
%%% two−column camera−ready pages f o r ACM con f e r enc e s .

45 %%% THIS FILE DOES NOT STRICTLY ADHERE TO THE SIGS (BOARD−ENDORSED)
%%% PROCEEDINGS STYLE. I t has been des igned to produce a ’ t i gh t e r ’
%%% paper in re sponse to concerns over page budgets .
%%% The main f e a t u r e s o f t h i s s t y l e are :
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%%%
50 %%% 1) Two columns .

%%% 2) Side and top margins o f 4 . 5 pc , bottom margin o f 6pc , column gut t e r o f
%%% 2pc , hence columns are 20pc wide and 55 .5 pc t a l l . (6 pc =3D 1 in , approx )
%%% 3) F i r s t page has t i t l e in format ion , and an extra 6pc o f space at the
%%% bottom of the f i r s t column f o r the ACM copyr ight no t i c e .

55 %%% 4) Text i s 9pt on 10pt b a s e l i n e s ; t i t l e s ( except main ) are 9pt bold .
%%%
%%%
%%% There are a few r e s t r i c t i o n s you must observe :
%%%

60 %%% 1) You cannot change the font s i z e ; ACM wants you to use 9pt .
%%% 3) You must s t a r t your paper with the \maket i t l e command . Pr io r to the
%%% \maket i t l e you must have \ t i t l e and \ author commands . I f you have a
%%% \date command i t w i l l be ignored ; no date appears on the paper , s i n c e
%%% the proceed ings w i l l have a date on the f r on t cover .

65 %%% 4) Marginal paragraphs , t ab l e s o f contents , l i s t s o f f i g u r e s and tab l e s ,
%%% and page headings are a l l f o rb idden .
%%% 5) The ‘ f i gu r e ’ environment w i l l produce a f i g u r e one column wide ; i f you
%%% want one that i s two columns wide , use ‘ f i g u r e ∗ ’ .
%%%

70 %
%%% Copyright Space :
%%% This s t y l e automat i ca l l y r e s e r v e s 1” blank space at the bottom of page 1/
%%% column 1 . This space can op t i o na l l y be f i l l e d with some text us ing the
%%% \ toappear { . . . } command . I f used , t h i s command must be BEFORE the \maket i t l e

75 %%% command . I f t h i s command i s de f in ed AND [ pr ep r i n t ] i s on , then the
%%% space i s f i l l e d with the { . . . } t ex t ( at the bottom ) ; otherwise , i t i s
%%% blank . I f you use \ toappearbox { . . . } i n s t ead o f \ toappear { . . . } then a
%%% box w i l l be drawn around the text ( i f [ p r ep r in t ] i s on ) .
%%%

80 %%% A typ i c a l usage l ooks l i k e t h i s :
%%% \ toappear {To appear in the Ninth AES Conference on Mediev i l Lithuanian
%%% Embalming Technique , June 1991 , A l f a r e t ta , Georgia .}
%%% This w i l l be inc luded in the prepr int , and l e f t out o f the con f e r ence
%%% ver s i on .

85 %%%
%%% WARNING:
%%% Some dvi−ps conve r t e r s h e u r i s t i c a l l y a l low chars to d r i f t from th e i r
%%% true p o s i t i o n s a few p i x e l s . This may be no t i c e ab l e with the 9pt sans − s e r i f
%%% bold font used f o r s e c t i o n headers .

90 %%% You may turn t h i s hackery o f f v ia the −e opt ion :
%%% dvips −e 0 foo . dvi >f oo . ps
%%%
\ typeout {Document Class ’ s i g −a l t e rna t e ’ <15th . October ’04>. Modif ied by G.K.M.⤦

Ç Tobin/Gerry Murray}
\ typeout {Based in part upon document Sty l e ‘ acmconf ’ <22 May 89>. Hacked 4/91 by⤦

Ç }
95 \ typeout { sh ive r s@cs . cmu . edu , 4/93 by theobald@cs . mcg i l l . ca}

\ typeout {Excerpts were taken from ( Journal S ty l e ) ’ esub2acm . c l s ’ . }
\ typeout {∗∗∗∗∗∗ Bugs/comments/ sugge s t i on s / t e c h n i c a l i t i e s to Gerry Murray −− ⤦

Ç murray@hq . acm . org ∗∗∗∗∗∗}
\ typeout {Quest ions on the s ty l e , SIGS p o l i c i e s , e t c . to Adrienne G r i s c t i ⤦

Ç gr i sct i@acm . org }
\ oddsidemargin 4 .5 pc

100 \ evens idemargin 4 .5 pc
\advance\ oddsidemargin by −1 in % Correct f o r LaTeX gra tu i t ou sn e s s
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\advance\ evens idemargin by −1 in % Correct f o r LaTeX gra tu i t ou sn e s s
\marginparwidth 0pt % Margin pars are not a l lowed .
\marginparsep 11pt % Hor i zonta l space between outer margin and

105 % marginal note

% Top o f page :
\ topmargin 4 .5 pc % Nominal d i s t anc e from top o f page to top o f

% box conta in ing running head .
110 \advance\ topmargin by −1 in % Correct f o r LaTeX gra tu i t ou sn e s s

\headheight 0pt % Height o f box conta in ing running head .
\headsep 0pt % Space between running head and text .

% Bottom of page :
\ f o o t s k i p 30pt % Distance from ba s e l i n e o f box conta in ing f oo t

115 % to ba s e l i n e o f l a s t l i n e o f t ex t .
\@ifunde f ined { f o o th e i gh t }{\newdimen\ f o o th e i gh t }{}% th i s i s f o r LaTeX2e
\ f o o th e i gh t 12pt % Height o f box conta in ing running f oo t .

%% Must r e d e f i n e the top margin so there ’ s room f o r headers and
120 %% page numbers i f you are us ing the p r ep r i n t opt ion . Footers

%% are OK as i s . Olin .
\advance\ topmargin by −37pt % Leave 37pt above text f o r headers
\headheight 12pt % Height o f box conta in ing running head .
\headsep 25pt % Space between running head and text .

125

\ t ex the i gh t 666 pt % 9 1/4 column he ight
\ textwidth 42pc % Width o f t ex t l i n e .

% For two−column mode :
\ columnsep 2pc % Space between columns

130 \ columnseprule 0pt % Width o f r u l e between columns .
\hfuzz 1pt % Allow some va r i a t i o n in column width , o therw i s e i t ’ s

% too hard to type se t in narrow columns .

\ f oo tno t e s ep 5 .6 pt % Height o f s t r u t p laced at the beg inning o f every
135 % footno t e =3D he ight o f normal \ f o o t n o t e s i z e s t rut ,

% so no extra space between f oo tno t e s .

\ sk ip \ f o o t i n s 8 .1 pt p lus 4pt minus 2pt % Space between l a s t l i n e o f t ex t and
% top o f f i r s t f oo tno t e .

140 \ f l o a t s e p 11pt p lus 2pt minus 2pt % Space between adjacent f l o a t s moved
% to top or bottom o f t ex t page .

\ t e x t f l o a t s e p 18pt p lus 2pt minus 4pt % Space between main text and f l o a t s
% at top or bottom o f page .

\ i n t ex t s ep 11pt p lus 2pt minus 2pt % Space between in − t ex t f i g u r e s and
145 % text .

\@ifunde f ined {@maxsep}{\newdimen\@maxsep}{}% th i s i s f o r LaTeX2e
\@maxsep 18pt % The maximum of \ f l o a t s ep ,

% \ t e x t f l o a t s e p and \ i n t ex t s ep (minus
% the s t r e t c h and shr ink ) .

150 \ db l f l o a t s e p 11pt p lus 2pt minus 2pt % Same as \ f l o a t s e p f o r double−column
% f i g u r e s in two−column mode .

\ db l t e x t f l o a t s e p 18pt p lus 2pt minus 4pt% \ t e x t f l o a t s e p f o r double−column
% f l o a t s .

\@ifunde f ined {@dblmaxsep}{\newdimen\@dblmaxsep}{}% th i s i s f o r LaTeX2e
155 \@dblmaxsep 18pt % The maximum of \ db l f l o a t s e p and

% \ db l t e x f l o a t s e p .
\@fptop 0pt p lus 1 f i l % Stre tch at top o f f l o a t page/column . (Must be

% 0pt p lus . . . )
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\@fpsep 8pt p lus 2 f i l % Space between f l o a t s on f l o a t page/column .
160 \@fpbot 0pt p lus 1 f i l % Stre tch at bottom of f l o a t page/column . (Must be

% 0pt p lus . . . )
\@dblfptop 0pt p lus 1 f i l % Stre tch at top o f f l o a t page . (Must be 0pt p lus . . . )
\@dblfpsep 8pt p lus 2 f i l % Space between f l o a t s on f l o a t page .
\@dblfpbot 0pt p lus 1 f i l % Stre tch at bottom of f l o a t page . (Must be

165 % 0pt p lus . . . )
\marginparpush 5pt % Minimum v e r t i c a l s epa ra t i on between two marginal

% notes .

\ parsk ip 0pt p lus 1pt % Extra v e r t i c a l space between paragraphs .
170 \ par indent 9pt % GM July 2000 / was 0pt − width o f paragraph indenta t i on .

\partopsep 2pt p lus 1pt minus 1pt% Extra v e r t i c a l space , in add i t i on to
% \ parsk ip and \ topsep , added when user
% l e av e s blank l i n e be f o r e environment .

175 \@lowpenalty 51 % Produced by \nopagebreak [ 1 ] or \ no l inebreak [ 1 ]
\@medpenalty 151 % Produced by \nopagebreak [ 2 ] or \ no l inebreak [ 2 ]
\@highpenalty 301 % Produced by \nopagebreak [ 3 ] or \ no l inebreak [ 3 ]

\@beginparpenalty −\@lowpenalty % Before a l i s t or paragraph environment .
180 \@endparpenalty −\@lowpenalty % After a l i s t or paragraph environment .

\@itempenalty −\@lowpenalty % Between l i s t i tems .

\@namedef{ds@10pt}{\@latexer r {The ‘10 pt ’ opt ion i s not a l lowed in the ‘ acmconf ’
document s t y l e .}\@eha}

185 \@namedef{ds@11pt}{\@latexer r {The ‘11 pt ’ opt ion i s not a l lowed in the ‘ acmconf ’
document s t y l e .}\@eha}

\@namedef{ds@12pt}{\@latexer r {The ‘12 pt ’ opt ion i s not a l lowed in the ‘ acmconf ’
document s t y l e .}\@eha}

190 \@options

\ l i n e s k i p 2pt % \ l i n e s k i p i s 1pt f o r a l l f ont s i z e s .
\ norma l l i n e sk ip 2pt
\ de f \ b a s e l i n e s t r e t c h {1}

195

\ aboved i sp laysk ip 9pt p lus2pt minus4 . 5 pt%
\ be lowd i sp l ay sk ip \ aboved i sp laysk ip
\ aboved i sp l ay sho r t sk ip \z@ plus3pt%
\ be l owd i sp l ay sho r t sk ip 5 .4 pt p lus3pt minus3pt%

200 \ l e t \@ l i s t i \@ l i s t I % Se t t i ng o f \@ l i s t i added 9 Jun 87

\ de f \ smal l {\@se t s i z e \ smal l {9pt }\ v i i i p t \@v i i i p t
\ aboved i sp laysk ip 7 .6 pt p lus 3pt minus 4pt%
\ be lowd i sp l ay sk ip \ aboved i sp laysk ip

205 \ aboved i sp l ay sho r t sk ip \z@ plus2pt%
\ be l owd i sp l ay sho r t sk ip 3 .6 pt p lus2pt minus 2pt
\ de f \@ l i s t i {\ l e f tmarg in \ l e f tma r g i n i %% Added 22 Dec 87
\ topsep 4pt p lus 2pt minus 2pt\parsep 2pt p lus 1pt minus 1pt
\ i temsep \parsep }}

210

\ de f \ f o o t n o t e s i z e {\@se t s i z e \ f o o t n o t e s i z e {9pt }\ i xp t \@ixpt
\ aboved i sp laysk ip 6 .4 pt p lus 2pt minus 4pt%
\ be lowd i sp l ay sk ip \ aboved i sp laysk ip
\ aboved i sp l ay sho r t sk ip \z@ plus 1pt%

215 \ be l owd i sp l ay sho r t sk ip 2 .7 pt p lus 1pt minus 2pt
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\ de f \@ l i s t i {\ l e f tmarg in \ l e f tma r g i n i %% Added 22 Dec 87
\ topsep 3pt p lus 1pt minus 1pt\parsep 2pt p lus 1pt minus 1pt
\ i temsep \parsep }}

220 \newcount\aucount
\newcount\ o r i g i na l aucount
\newdimen\auwidth
\auwidth=\textwidth
\newdimen\ auskip

225 \newcount\ auskipcount
\newdimen\ auskip
\ g l oba l \ auskip=1pc
\newdimen\ a l l auboxe s
\ a l l auboxe s=\auwidth

230 \newtoks\ addauthors
\newcount\ addauf lag
\ g l oba l \ addauf lag=0 %Haven ’ t shown add i t i ona l authors yet

\newtoks\ s u b t i t l e t e x t
235 \ gdef \ s u b t i t l e#1{\ s u b t i t l e t e x t={#1}}

\ gdef \ add i t i ona l au tho r s#1{\addauthors={#1}}

\ gdef \numberofauthors#1{\ g l oba l \aucount=#1
240 \ ifnum\aucount>3\g l oba l \ o r i g i na l aucount=\aucount \ g l oba l \aucount=3\ f i %g}

\ g l oba l \ auskipcount=\aucount\ g l oba l \advance\ auskipcount by 1
\ g l oba l \mult ip ly \ auskipcount by 2
\ g l oba l \mult ip ly \ auskip by \ auskipcount
\ g l oba l \advance\auwidth by −\auskip

245 \ g l oba l \ d iv id e \auwidth by \aucount}

% \and was modi f i ed to count the number o f authors . GKMT 12 Aug 1999
\ de f \ a l i gnauthor{% % \begin { tabu la r }
\end{ tabu la r}%

250 \begin { tabu la r } [ t ]{p{\auwidth }}\ c en t e r i ng}%

% ∗∗∗ NOTE ∗∗∗ NOTE ∗∗∗ NOTE ∗∗∗ NOTE ∗∗∗
% I f you have ’ f ont problems ’ then you may need
% to change these , e . g . ’ a r i a l b ’ i n s t ead o f ” a r i a l bd ” .

255 % Gerry Murray 11/11/1999
% ∗∗∗ OR ∗∗ comment out block A and a c t i v a t e block B or v i c e ver sa .
% ∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗
%
% −− Star t o f b lock A −− (Type 1 or Truetype f on t s )

260 %\newfont {\ s e c f n t }{ timesbd at 12pt} % was timenrb o r i g i n a l l y − now i s timesbd
%\newfont {\ s e c i t }{ t imesb i at 12pt} %13 Jan 00 gkmt
%\newfont {\ subs e c fn t }{ t ime s i at 11pt} % was t imenr r i o r i g i n a l l y − now i s t ime s i
%\newfont {\ s ub s e c i t }{ t imesb i at 11pt} % 13 Jan 00 gkmt −− was t imes changed to ⤦

Ç t imesb i gm 2/4/2000
% % because ”normal” i s i t a l i c , ” i t a l i c ” i s Roman

265 %\newfont {\ t t l f n t }{ a r i a l bd at 18pt} % was a r i a l b o r i g i n a l l y − now i s a r i a l bd
%\newfont {\ t t l i t }{ a r i a l b i at 18pt} % 13 Jan 00 gkmt
%\newfont {\ s u b t t l f n t }{ a r i a l at 14pt} % was a r i a l r o r i g i n a l l y − now i s a r i a l
%\newfont {\ s u b t t l i t }{ a r i a l i at 14pt} % 13 Jan 00 gkmt
%\newfont {\ s ub t t l b f }{ a r i a l bd at 14pt} % 13 Jan 00 gkmt

270 %\newfont {\ aufnt }{ a r i a l at 12pt} % was a r i a l r o r i g i n a l l y − now i s a r i a l
%\newfont {\ au i t }{ a r i a l i at 12pt} % 13 Jan 00 gkmt
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%\newfont {\ a f f addr }{ a r i a l at 10pt} % was a r i a l r o r i g i n a l l y − now i s a r i a l
%\newfont {\ a f f a d d r i t }{ a r i a l i at 10pt} %13 Jan 00 gkmt
%\newfont {\ eaddfnt }{ a r i a l at 12pt} % was a r i a l r o r i g i n a l l y − now i s a r i a l

275 %\newfont {\ i xp t }{ t imes at 9pt} % was t imenrr o r i g i n a l l y − now i s t imes
%\newfont {\ confname}{ t ime s i at 8pt} % was t imenr r i − now i s t ime s i
%\newfont {\ c r n o t i c e }{ t imes at 8pt} % was t imenrr o r i g i n a l l y − now i s t imes
%\newfont {\ ninept }{ t imes at 9pt} % was t imenrr o r i g i n a l l y − now i s t imes

280 % ∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗
% −− End o f b lock A −−
%
%
% −− Star t o f b lock B −− METAFONT

285 % +++++++++++++++++++++++++++++++++++++++++++++
% Next ( d e f au l t ) b lock f o r those us ing Metafont
% Gerry Murray 11/11/1999
% ∗∗∗ THIS BLOCK FOR THOSE USING METAFONT ∗∗∗∗∗
% ∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗

290 \newfont {\ s e c f n t }{ptmb at 12pt}
\newfont {\ s e c i t }{ptmbi at 12pt} %13 Jan 00 gkmt
\newfont {\ subs e c fn t }{ptmri at 11pt}
\newfont {\ s ub s e c i t }{ptmbi at 11pt} % 13 Jan 00 gkmt −− was ptmr changed to ⤦

Ç ptmbi gm 2/4/2000
% because ”normal” i s i t a l i c , ” i t a l i c ” i s Roman

295 \newfont {\ t t l f n t }{phvb at 18pt}
\newfont {\ t t l i t }{phvbo at 18pt} % GM 2/4/2000
\newfont {\ s u b t t l f n t }{phvr at 14pt}
\newfont {\ s u b t t l i t }{phvro at 14pt} % GM 2/4/2000
\newfont {\ s ub t t l b f }{phvb at 14pt} % 13 Jan 00 gkmt

300 \newfont {\ aufnt }{phvr at 12pt}
\newfont {\ au i t }{phvro at 12pt} % GM 2/4/2000
\newfont {\ a f f addr }{phvr at 10pt}
\newfont {\ a f f a d d r i t }{phvro at 10pt} % GM 2/4/2000
\newfont {\ eaddfnt }{phvr at 12pt}

305 \newfont {\ i xp t }{ptmr at 9pt}
\newfont {\ confname}{ptmri at 8pt}
\newfont {\ c r n o t i c e }{ptmr at 8pt}
\newfont {\ ninept }{ptmr at 9pt}
% +++++++++++++++++++++++++++++++++++++++++++++

310 % −− End o f b lock B −−

\ de f \ emai l#1{{{\ eaddfnt {\ vsk ip 4pt#1}}}}

315 \ de f \ addauthorsect ion {\ ifnum\ or i g ina laucount >3
\ s e c t i o n {Addi t iona l Authors}\ the \ addauthors

\ f i }

\newcount\ s av e s e c t i on
320 \newcount\ s e c t i o n cn t r

\ g l oba l \ s e c t i o n cn t r=1

\ s e t count e r { secnumdepth }{3}

325 \ de f \appendix {\par
\ s e c t i o n ∗{APPENDIX}
\ s e t count e r { s e c t i o n }{0}
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\ s e t count e r { subs e c t i on }{0}
\ de f \ t h e s e c t i on {\Alph{ s e c t i o n }} }

330

\ l e f tma r g i n i 22 .5 pt
\ l e f tm a r g i n i i 19 .8 pt % > \ l a b e l s e p + width o f ’ (m) ’
\ l e f tm a r g i n i i i 16 .8 pt % > \ l a b e l s e p + width o f ’ v i i . ’
\ l e f tma r g i n i v 15 .3 pt % > \ l a b e l s e p + width o f ’M. ’

335 \ l e f tmarg inv 9pt
\ l e f tma r g i nv i 9pt

\ l e f tmarg in \ l e f tma r g i n i
\ l a b e l s e p 4 .5 pt

340 \ l abe lw id th \ l e f tma r g i n i \advance\ l abe lwidth −\ l a b e l s e p

\ de f \@ l i s t I {\ l e f tmarg in \ l e f tma r g i n i \parsep 3 .6 pt p lus 2pt minus 1pt%
\ topsep 7 .2 pt p lus 2pt minus 4pt%
\ i temsep 3 .6 pt p lus 2pt minus 1pt}

345

\ l e t \@ l i s t i \@ l i s t I
\@ l i s t i

\ de f \ @ l i s t i i {\ l e f tmarg in \ l e f tm a r g i n i i
350 \ l abe lw id th \ l e f tm a r g i n i i \advance\ l abe lwidth −\ l a b e l s e p

\ topsep 3 .6 pt p lus 2pt minus 1pt
\parsep 1 .8 pt p lus 0 .9 pt minus 0 .9 pt
\ i temsep \parsep }

355 \ de f \ @ l i s t i i i {\ l e f tmarg in \ l e f tm a r g i n i i i
\ l abe lw id th \ l e f tm a r g i n i i i \advance\ l abe lwidth −\ l a b e l s e p
\ topsep 1 .8 pt p lus 0 .9 pt minus 0 .9 pt
\parsep \z@ \partopsep 1pt p lus 0pt minus 1pt
\ i temsep \ topsep }

360

\ de f \@ l i s t i v {\ l e f tmarg in \ l e f tma r g i n i v
\ l abe lw id th \ l e f tma r g i n i v \advance\ l abe lwidth −\ l a b e l s e p }

\ de f \@l i s tv {\ l e f tmarg in \ l e f tmarg inv
365 \ l abe lw id th \ l e f tmarg inv \advance\ l abe lwidth −\ l a b e l s e p }

\ de f \@ l i s t v i {\ l e f tmarg in \ l e f tma r g i nv i
\ l abe lw id th \ l e f tma r g i nv i \advance\ l abe lwidth −\ l a b e l s e p }

370 \ de f \ labe lenumi {\ theenumi .}
\ de f \ theenumi{\ arab i c {enumi}}

\ de f \ l abe l enumi i {(\ theenumii ) }
\ de f \ theenumii {\ alph { enumii }}

375 \ de f \p@enumii{\ theenumi}

\ de f \ l a b e l e num i i i {\ theenumi i i .}
\ de f \ theenumi i i {\roman{ enumi i i }}
\ de f \p@enumiii {\ theenumi (\ theenumii ) }

380

\ de f \ labe lenumiv {\ theenumiv .}
\ de f \ theenumiv{\Alph{enumiv}}
\ de f \p@enumiv{\p@enumiii\ theenumi i i }
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385 \ de f \ l a b e l i t em i {$\ bu l l e t$ }
\ de f \ l a b e l i t em i i {\ bf −−}
\ de f \ l a b e l i t em i i i {$\ ast$ }
\ de f \ l a b e l i t em i v {$\ cdot$ }

390 \ de f \ ve r s e {\ l e t \\=\@centercr
\ l i s t {}{\ i temsep \z@ \ i t emindent −1.5em\ l i s t p a r i n d e n t \ i t emindent

\ r ightmarg in \ l e f tmarg in \advance\ l e f tmarg in 1 .5em}\ item [ ] }
\ l e t \ endverse \ e n d l i s t

395 \ de f \ quotat ion {\ l i s t {}{\ l i s t p a r i n d e n t 1 .5em
\ i t emindent \ l i s t p a r i n d e n t
\ r ightmarg in \ l e f tmarg in \parsep 0pt p lus 1pt }\ item [ ] }

\ l e t \ endquotat ion=\ e n d l i s t

400 \ de f \quote {\ l i s t {}{\ r ightmarg in \ l e f tmarg in }\ item [ ] }
\ l e t \ endquote=\ e n d l i s t

\ de f \ d e s c r i p t i o n l a b e l#1{\hspace \ l a b e l s e p \bf #1}
\ de f \ d e s c r i p t i o n {\ l i s t {}{\ l abe lw id th \z@ \ i temindent −\ l e f tmarg in

405 \ l e t \makelabel \ d e s c r i p t i o n l a b e l }}

\ l e t \ endde s c r i p t i on \ e n d l i s t

\ de f \ theequat ion {\ arab i c { equat ion }}
410

\ a r r ayco l s ep 4 .5 pt % Hal f the space between columns in an array environment .
\ t abco l s ep 5 .4 pt % Hal f the space between columns in a tabu la r environment .
\ ar rayru l ew idth . 4 pt % Width o f r u l e s in array and tabu la r environment .
\ doub l e ru l e s ep 1 .8 pt % Space between adjacent r u l e s in array or tabu la r env .

415

\ tabbingsep \ l a b e l s e p % Space used by the \ ’ command . ( See LaTeX manual . )

\ sk ip \@mpfootins =\sk ip \ f o o t i n s

420 \ fboxsep =2.7 pt % Space l e f t between box and text by \ fbox and \ framebox .
\ f box ru l e =.4pt % Width o f r u l e s in box made by \ fbox and \ framebox .

\ de f \ thepart {\Roman{part }} % Roman numeral part numbers .
\ de f \ t h e s e c t i on {\ arab i c { s e c t i o n }}

425 \ de f \ the subs e c t i on {\ t h e s e c t i on .\ arab i c { subs e c t i on }}
%\de f \ the subsubsec t i on {\ the subse c t i on .\ arab i c { subsubsec t i on }} % GM 7/30/2002
%\de f \ theparagraph {\ the subsubsec t i on .\ arab i c {paragraph }} % GM 7/30/2002
\ de f \ thesubparagraph {\ theparagraph .\ arab i c { subparagraph }}

430 \ de f \@pnumwidth{1 .55em}
\ de f \@tocrmarg {2 .55em}
\ de f \@dotsep {4 .5}
\ s e t count e r { tocdepth }{3}

435 \ de f \ t ab l e o f c on t en t s {\@latexer r {\ t ab l e o f c on t en t s : Tables o f contents are not
a l lowed in the ‘ acmconf ’ document s t y l e .}\@eha}

\ de f \ l@part#1#2{\addpenalty {\@secpenalty }
\addvspace {2 .25em plus 1pt} % space above part l i n e

440 \begingroup
\@tempdima 3em % width o f box ho ld ing part number , used by
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\ par indent \z@ \ r i g h t s k i p \@pnumwidth %% \numberl ine
\ p a r f i l l s k i p −\@pnumwidth
{\ l a r g e \bf % se t l i n e in \ l a r g e bo ld f a c e

445 \ leavevmode % TeX command to ente r ho r i z on t a l mode .
#1\ h f i l \hbox to \@pnumwidth{\ hss #2}}\par
\nobreak % Never break a f t e r part entry

\endgroup}

450 \ de f \ l@sec t i on#1#2{\addpenalty {\@secpenalty } % good p lace f o r page break
\addvspace {1 .0em plus 1pt} % space above toc entry
\@tempdima 1 .5em % width o f box ho ld ing s e c t i o n number
\begingroup
\ par indent \z@ \ r i g h t s k i p \@pnumwidth

455 \ p a r f i l l s k i p −\@pnumwidth
\bf % Boldface .
\ leavevmode % TeX command to ente r ho r i z on t a l mode .
\advance\ l e f t s k i p \@tempdima %% added 5 Feb 88 to conform to
\hskip −\ l e f t s k i p %% 25 Jan 88 change to \numberl ine

460 #1\nobreak\ h f i l \nobreak\hbox to \@pnumwidth{\ hss #2}\par
\endgroup}

\ de f \ l@subsect ion {\@dottedtoc l ine {2}{1.5em}{2 .3em}}
465 \ de f \ l@subsubsect ion {\@dottedtoc l ine {3}{3.8em}{3 .2em}}

\ de f \ l@paragraph {\@dottedtoc l ine {4}{7.0em}{4 .1em}}
\ de f \ l@subparagraph {\@dottedtoc l ine {5}{10em}{5em}}

\ de f \ l i s t o f f i g u r e s {\@latexer r {\ l i s t o f f i g u r e s : L i s t s o f f i g u r e s are not
470 al lowed in the ‘ acmconf ’ document s t y l e .}\@eha}

\ de f \ l@ f i gu r e {\@dottedtoc l ine {1}{1.5em}{2 .3em}}

\ de f \ l i s t o f t a b l e s {\@latexer r {\ l i s t o f t a b l e s : L i s t s o f t ab l e s are not
475 al lowed in the ‘ acmconf ’ document s t y l e .}\@eha}

\ l e t \ l@tab le \ l@ f i gu r e

\ de f \ f o o t n o t e r u l e {\kern −3\p@
\ hru l e width .4\ columnwidth

480 \kern 2 .6\p@} % The \ hru l e has d e f au l t he ight o f . 4 pt .
% −−−−−−
\ long \ de f \@makefntext#1{\noindent
%\hbox to . 5em{\ hss$ ˆ{\@thefnmark}$}#1} % o r i g i n a l
\hbox to . 5em{\ hss \ t e x t s up e r s c r i p t {\@thefnmark}}#1} % C. C l i f t on / GM Oct . 2nd .⤦

Ç 2002
485 % −−−−−−−

\ long \ de f \@maketntext#1{\noindent
#1}

490 \ long \ de f \@maket i t l enotetext#1#2{\noindent
\hbox to 1 .8em{\ hss$ˆ{#1}$}#2}

\ s e t count e r {topnumber}{2}
\ de f \ t op f r a c t i o n { . 7}

495 \ s e t count e r {bottomnumber}{1}
\ de f \ bottomfract ion { . 3}
\ s e t count e r { totalnumber }{3}
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\ de f \ t e x t f r a c t i o n { . 2}
\ de f \ f l o a t p a g e f r a c t i o n { . 5}

500 \ s e t count e r {dbltopnumber }{2}
\ de f \ db l t op f r a c t i on { . 7}
\ de f \ db l f l o a t p a g e f r a c t i o n { . 5}

%
505 \ long \ de f \@makecaption#1#2{

\ vsk ip \ ba s e l i n e s k i p
\ setbox \@tempboxa\hbox{\ t ex tb f {#1: #2}}
\ i fd im \wd\@tempboxa >\h s i z e % IF longe r than one l i n e :

\ t ex tb f {#1: #2}\par % THEN se t as ord inary paragraph .
510 \ e l s e % ELSE cente r .

\hbox to \ h s i z e {\ h f i l \box\@tempboxa\ h f i l }\par
\ f i }

%
515

\ long \ de f \@makecaption#1#2{
\ vsk ip 10pt
\ setbox \@tempboxa\hbox{\ t ex tb f {#1: #2}}
\ i fd im \wd\@tempboxa >\h s i z e % IF longe r than one l i n e :

520 \ t ex tb f {#1: #2}\par % THEN se t as ord inary paragraph .
\ e l s e % ELSE cente r .

\hbox to \ h s i z e {\ h f i l \box\@tempboxa\ h f i l }
\ f i }

525 \@ifunde f ined { f i g u r e }{\newcounter { f i g u r e }} % th i s i s f o r LaTeX2e

\ de f \ f p s@ f i gu r e { tbp}
\ de f \ f t ype@f i gu re {1}
\ de f \ ext@f igure { l o f }

530 \ de f \ fnum@figure{Figure \ t h e f i g u r e }
\ de f \ f i g u r e {\@float { f i g u r e }}
\ l e t \ end f i gu r e \ end@float
\@namedef{ f i g u r e ∗}{\@dbl f l oat { f i g u r e }}
\@namedef{ end f i gu r e ∗}{\ end@dbl f loat }

535

\@ifunde f ined { t ab l e }{\newcounter { t ab l e }} % th i s i s f o r LaTeX2e

\ de f \ fps@table { tbp}
\ de f \ f type@table {2}

540 \ de f \ ext@table { l o t }
\ de f \ fnum@table{Table \ th e tab l e }
\ de f \ t ab l e {\@float { t ab l e }}
\ l e t \ endtab le \ end@float
\@namedef{ t ab l e ∗}{\@dbl f l oat { t ab l e }}

545 \@namedef{ endtab le ∗}{\ end@dbl f loat }

\newtoks\ t i t l e b o xno t e s
\newcount\ t i t l e b o x n o t e f l a g

550 \ de f \maket i t l e {\par
\begingroup

\ de f \ the f oo tno t e {\ fnsymbol{ f oo tno t e }}
\ de f \@makefnmark{\hbox

to 0pt{$ˆ{\@thefnmark}$\hss }}
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555 \twocolumn [\ @maketit le ]
\@thanks
\endgroup
\ s e t count e r { f oo tno t e }{0}
\ l e t \maket i t l e \ r e l a x

560 \ l e t \@maketit le \ r e l a x
\ gdef \@thanks{}\ gdef \@author{}\ gdef \@t i t l e {}\ gdef \@subt i t l e {}\ l e t \ thanks\ r e l a x
\@copyrightspace }

%% CHANGES ON NEXT LINES
565 \newi f \ i f @ l l % to record which ve r s i on o f LaTeX i s in use

\ expandafter \ i f x \csname LaTeXe\endcsname\ r e l a x % LaTeX2 .09 i s used
\ e l s e% LaTeX2e i s used , so s e t l l to t rue
\ g l oba l \@l l t rue

570 \ f i

\ i f @ l l
\NeedsTeXFormat{LaTeX2e}
\Prov idesClas s {NIME− a l t e r n a t e } [2004/15/10 − V1.7 − based on acmproc . c l s V1 . 3 ⤦

Ç <Nov . 30 ’99>]
575 \RequirePackage{ latexsym}% QUERY: are the se two r e a l l y needed ?

\ l e t \ doopt ions \ProcessOptions
\ e l s e

\ l e t \ doopt ions \@options
\ f i

580 %% END CHANGES

\ de f \@height{ he ight }
\ de f \@width{width}
\ de f \@minus{minus}

585 \ de f \@plus{ plus }
\ de f \hb@xt@{\hbox to }
\newi f \ i f@ f a i r c opy
\@fa i r c opy f a l s e
\ de f \ds@fa ircopy {\@fa i rcopytrue }

590

\ de f \ds@prepr int {\@fa i r c opy f a l s e }

\@twosidetrue
\@mparswitchtrue

595 \ de f \ds@draft {\ o v e r f u l l r u l e 5\p@}
%% CHANGE ON NEXT LINE
\ doopt ions

\ l i n e s k i p \p@
600 \ norma l l i n e sk ip \p@

\ de f \ b a s e l i n e s t r e t c h {1}
\ de f \@pts ize {0} %needed f o r amssymbols . s ty

%% CHANGES ON NEXT LINES
605 \ i f @ l l% al low use o f old − s t y l e f ont change commands in LaTeX2e

\@maxdepth\maxdepth
%
\DeclareOldFontCommand{\rm}{\ ninept \ rmfamily }{\mathrm}
\DeclareOldFontCommand{\ s f }{\ normalfont \ s f f am i l y }{\mathsf}

610 \DeclareOldFontCommand{\ t t }{\ normalfont \ t t f am i l y }{\mathtt}
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\DeclareOldFontCommand{\ bf }{\ normalfont \ b f s e r i e s }{\mathbf}
\DeclareOldFontCommand{\ i t }{\ normalfont \ i t shape }{\mathit}
\DeclareOldFontCommand{\ s l }{\ normalfont \ s l shape }{\@nomath\ s l }
\DeclareOldFontCommand{\ sc }{\ normalfont \ scshape }{\@nomath\ sc }

615 \DeclareRobustCommand∗{\ c a l }{\@fontswitch {\ r e l a x }{\mathcal }}
\DeclareRobustCommand∗{\mit }{\@fontswitch {\ r e l a x }{\mathnormal}}
\ f i
%
\ i f @ l l

620 \renewcommand{\ rmdefault }{cmr} % was ’ ttm ’
% Note ! I have a l s o found ’mvr ’ to work ESPECIALLY we l l .
% Gerry − October 1999
% You may need to change your LV1times . fd f i l e so that sc i s
% mapped to cmcsc − − f o r smal l caps −− that i s i f you dec ide

625 % to change {cmr} to { t imes } above . (Not recommended )
\renewcommand{\@pts ize }{}
\renewcommand{\ normal s i ze}{%

\@se t f on t s i z e \ normal s i ze \@ixpt {10 .5\p@}%\ninept%
\ aboved i sp laysk ip 6\p@ \@plus2\p@ \@minus\p@

630 \ be lowd i sp l ay sk ip \ aboved i sp laysk ip
\ aboved i sp l ay sho r t sk ip 6\p@ \@minus 3\p@
\ be l owd i sp l ay sho r t sk ip 6\p@ \@minus 3\p@
\ l e t \@ l i s t i \@ l i s t I

}
635 \ e l s e

\ de f \@normalsize{%changed next to 9 from 10
\@se t s i z e \ normal s i ze {9\p@}\ i xp t \@ixpt

\ aboved i sp laysk ip 6\p@ \@plus2\p@ \@minus\p@
\ be lowd i sp l ay sk ip \ aboved i sp laysk ip

640 \ aboved i sp l ay sho r t sk ip 6\p@ \@minus 3\p@
\ be l owd i sp l ay sho r t sk ip 6\p@ \@minus 3\p@
\ l e t \@ l i s t i \@ l i s t I

}%
\ f i

645 \ i f @ l l
\newcommand\ s c r i p t s i z e {\@se t f on t s i z e \ s c r i p t s i z e \@vi ipt {8\p@}}
\newcommand\ t iny {\@se t f on t s i z e \ t iny \@vpt{6\p@}}
\newcommand\ l a r g e {\@se t f on t s i z e \ l a r g e \@xi ipt {14\p@}}
\newcommand\Large {\@se t f on t s i z e \Large\@xivpt {18\p@}}

650 \newcommand\LARGE{\@se t f on t s i z e \LARGE\@xvi ipt {20\p@}}
\newcommand\huge{\@se t f on t s i z e \huge\@xxpt{25\p@}}
\newcommand\Huge{\@se t f on t s i z e \Huge\@xxvpt{30\p@}}

\ e l s e
\ de f \ s c r i p t s i z e {\@se t s i z e \ s c r i p t s i z e {8\p@}\ v i i p t \@vi ipt }

655 \ de f \ t iny {\@se t s i z e \ t iny {6\p@}\vpt\@vpt}
\ de f \ l a r g e {\@se t s i z e \ l a r g e {14\p@}\ x i i p t \@xi ipt }
\ de f \Large {\@se t s i z e \Large {18\p@}\ xivpt \@xivpt}
\ de f \LARGE{\@se t s i z e \LARGE{20\p@}\ xv i i p t \@xvi ipt }
\ de f \huge{\@se t s i z e \huge{25\p@}\xxpt\@xxpt}

660 \ de f \Huge{\@se t s i z e \Huge{30\p@}\xxvpt\@xxvpt}
\ f i
\ normal s i ze

% make aubox h s i z e /number o f authors up to 3 , l e s s gut t e r
665 % then showbox gut t e r showbox gut t e r showbox −− GKMT Aug 99

\newbox\@acmtitlebox
\ de f \@maketit le {\newpage
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\ nu l l
\ setbox \@acmtitlebox\vbox{%

670 \ ba s e l i n e s k i p 20pt
\ vsk ip 2em % Ver t i c a l space above t i t l e .

\begin { cente r }
{\ t t l f n t \@t i t l e \par} % Ti t l e s e t in 18pt He lve t i ca ( Ar i a l ) bold s i z e .
\ vsk ip 1 .5em % Ver t i c a l space a f t e r t i t l e .

675 %This should be the s u b t i t l e .
{\ s u b t t l f n t \ the \ s u b t i t l e t e x t \par }\ vsk ip 1 .25em%\ f i

{\ ba s e l i n e s k i p 16pt\ aufnt % each author s e t in \12 pt Aria l , in a
\ l i n e s k i p . 5em % tabu la r environment
\begin { tabu la r } [ t ]{ c}\@author

680 \end{ tabu la r }\par}
\ vsk ip 1 .5em % Ve r t i c a l space a f t e r author .

\end{ cente r }}
\dimen0=\ht\@acmtitlebox
\advance\dimen0 by −12.75 pc\ r e l a x % Increa sed space f o r t i t l e box −− KBT

685 \unvbox\@acmtitlebox
\ i fd im \dimen0<0.0 pt\ r e l a x \vskip −\dimen0\ f i }

\newcount\ t i t l e n o t e c oun t
690 \ g l oba l \ t i t l e n o t e c oun t=0

\newtoks\ tntoks
\newtoks\ tntokstwo
\newtoks\ tn tok s th r e e
\newtoks\ tn tok s f ou r

695 \newtoks\ t n t o k s f i v e

\ de f \ abs t r a c t {
\ ifnum\ t i t l e no t e c oun t >0 % was =1

\ i n s e r t \ f o o t i n s{%
700 \ r e s e t@font \ f o o t n o t e s i z e

\ i n t e r l i n e p e n a l t y \ i n t e r f o o t n o t e l i n e p e n a l t y
\ s p l i t t o p s k i p \ f oo tno t e s ep
\ spl i tmaxdepth \dp\ s t rutbox \ f l o a t i n gp en a l t y \@MM
\ h s i z e \columnwidth \@parboxrestore

705 \ protected@edef \@current labe l{%
}%
\ color@begingroup

\ ifnum\ t i t l e n o t e c oun t=1
\@maketntext{%

710 \ r a i s ebox {4pt }{$\ ast$ }\ r u l e \z@\ f oo tno t e s ep \ i gno r e spac e s \ the \ tntoks \⤦
Ç @f i n a l s t r u t \ s t rutbox}%

\ f i
\ ifnum\ t i t l e n o t e c oun t=2

\@maketntext{%
\ r a i s ebox {4pt }{$\ ast$ }\ r u l e \z@\ f oo tno t e s ep \ i gno r e spac e s \ the \ tntoks \par\⤦

Ç @f i n a l s t r u t \ s t rutbox}%
715 \@maketntext{%

\ r a i s ebox {4pt }{$\dagger$ }\ r u l e \z@\ f oo tno t e s ep \ i gno r e spac e s \ the \⤦
Ç tntokstwo \@f i n a l s t r u t \ s t rutbox}%

\ f i
\ ifnum\ t i t l e n o t e c oun t=3

\@maketntext{%
720 \ r a i s ebox {4pt }{$\ ast$ }\ r u l e \z@\ f oo tno t e s ep \ i gno r e spac e s \ the \ tntoks \par\⤦

Ç @f i n a l s t r u t \ s t rutbox}%
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\@maketntext{%
\ r a i s ebox {4pt }{$\dagger$ }\ r u l e \z@\ f oo tno t e s ep \ i gno r e spac e s \ the \⤦

Ç tntokstwo \par\@f i n a l s t r u t \ s t rutbox}%
\@maketntext{%

\ r a i s ebox {4pt }{$\ddagger$ }\ r u l e \z@\ f oo tno t e s ep \ i gno r e spac e s \ the \⤦
Ç tn tok s th r e e \@f i n a l s t r u t \ s t rutbox}%

725 \ f i
\ ifnum\ t i t l e n o t e c oun t=4

\@maketntext{%
\ r a i s ebox {4pt }{$\ ast$ }\ r u l e \z@\ f oo tno t e s ep \ i gno r e spac e s \ the \ tntoks \par\⤦

Ç @f i n a l s t r u t \ s t rutbox}%
\@maketntext{%

730 \ r a i s ebox {4pt }{$\dagger$ }\ r u l e \z@\ f oo tno t e s ep \ i gno r e spac e s \ the \⤦
Ç tntokstwo \par\@f i n a l s t r u t \ s t rutbox}%

\@maketntext{%
\ r a i s ebox {4pt }{$\ddagger$ }\ r u l e \z@\ f oo tno t e s ep \ i gno r e spac e s \ the \⤦

Ç tn tok s th r e e \par\@f i n a l s t r u t \ s t rutbox}%
\@maketntext{%

\ r a i s ebox {4pt }{$\S$}\ r u l e \z@\ f oo tno t e s ep \ i gno r e spac e s \ the \ tn tok s f ou r \⤦
Ç @f i n a l s t r u t \ s t rutbox}%

735 \ f i
\ ifnum\ t i t l e n o t e c oun t=5

\@maketntext{%
\ r a i s ebox {4pt }{$\ ast$ }\ r u l e \z@\ f oo tno t e s ep \ i gno r e spac e s \ the \ tntoks \par\⤦

Ç @f i n a l s t r u t \ s t rutbox}%
\@maketntext{%

740 \ r a i s ebox {4pt }{$\dagger$ }\ r u l e \z@\ f oo tno t e s ep \ i gno r e spac e s \ the \⤦
Ç tntokstwo \par\@f i n a l s t r u t \ s t rutbox}%

\@maketntext{%
\ r a i s ebox {4pt }{$\ddagger$ }\ r u l e \z@\ f oo tno t e s ep \ i gno r e spac e s \ the \⤦

Ç tn tok s th r e e \par\@f i n a l s t r u t \ s t rutbox}%
\@maketntext{%

\ r a i s ebox {4pt }{$\S$}\ r u l e \z@\ f oo tno t e s ep \ i gno r e spac e s \ the \ tn tok s f ou r \⤦
Ç par\@f i n a l s t r u t \ s t rutbox}%

745 \@maketntext{%
\ r a i s ebox {4pt }{$\P$}\ r u l e \z@\ f oo tno t e s ep \ i gno r e spac e s \ the \ t n t o k s f i v e \⤦

Ç @f i n a l s t r u t \ s t rutbox}%
\ f i

\ color@endgroup} %g}
\ f i

750 \ s e t count e r { f oo tno t e }{0}
\ s e c t i o n ∗{ABSTRACT}\ normal s i ze%\ninept
}

\ de f \ endabst ract {\ if@twocolumn\ e l s e \ endquotat ion \ f i }
755

\ de f \keywords{\ if@twocolumn
\ s e c t i o n ∗{Keywords}
\ e l s e \ smal l
\ quotat ion

760 \ f i }

\ de f \ terms {\ if@twocolumn
\ s e c t i o n ∗{General Terms}
\ e l s e \ smal l

765 \ quotat ion
\ f i }
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% −− C l a s s i f i c a t i o n needs to be a b i t smart due to op t i ona l s − Gerry/Georgia ⤦
Ç November 2nd . 1999

\newcount\ catcount
770 \ g l oba l \ catcount=1

\ de f \ category#1#2#3{%
\ ifnum\ catcount=1
\ s e c t i o n ∗{Categor i e s and Subject De s c r i p to r s }

775 \advance\ catcount by 1\ e l s e {\ unskip ; }\ f i
\@ifnextchar [{\@category{#1}{#2}{#3}}{\@category{#1}{#2}{#3}[]}%

}

\ de f \@category#1#2#3[#4]{%
780 \begingroup

\ l e t \and\ r e l a x
#1 [\ t ex tb f {#2}]%
\ i f !#4!%

\ i f !#3!\ e l s e : #3\ f i
785 \ e l s e

:\ space
\ i f !#3!\ e l s e #3\kern\z@−−−\hskip \z@\ f i
\ t e x t i t{#4}%

\ f i
790 \endgroup

}
%

%%% This s e c t i o n ( wr i t t en by KBT) handles the 1” box in the lower l e f t
795 %%% corner o f the l e f t column o f the f i r s t page by c r e a t i n g a p ic ture ,

%%% and i n s e r t i n g the prede f ined s t r i n g at the bottom ( with a negat ive
%%% disp lacement to o f f s e t the space a l l o c a t e d f o r a non− e x i s t e n t
%%% capt ion ) .
%%%

800 \newtoks\ copy r i gh tno t i c e
\ de f \ f type@copyrightbox {8}
\ de f \@copyrightspace {
\@float { copyr ightbox } [ b ]
\begin { cente r }

805 \ s e t l e ng th {\ un i t l eng th }{1pc}
\begin { p i c tu r e } (20 ,6 ) %Space f o r copyr ight no t i c e
\put (0 , −0 .95) {\ c r n o t i c e {\@toappear}}
\end{ p i c tu r e }
\end{ cente r }

810 \ end@float }

\ de f \@toappear{} % Defau l t s e t t i n g blank − commands below change t h i s .
\ long \ de f \ toappear#1{\de f \@toappear{\parbox [ b ]{20 pc}{\ ba s e l i n e s k i p 9pt#1}}}
\ de f \ toappearbox#1{\de f \@toappear{\ r a i s ebox {5pt }{\ framebox [20 pc ]{\ parbox [ b ]{19 pc⤦

Ç }{#1}}}}}
815

\newtoks\ conf
\newtoks\ c on f i n f o
\ de f \ c on f e r e n c e i n f o#1#2{\g l oba l \ conf={#1}\g l oba l \ c on f i n f o {#2}}

820

\ de f \marginpar {\@latexer r {The \marginpar command i s not a l lowed in the
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‘ acmconf ’ document s t y l e .}\@eha}

\mark{{}{}} % I n i t i a l i z e s TeX’ s marks
825

\ de f \ today {\ i f c a s e \month\ or
January\ or February\ or March\ or Apr i l \ or May\ or June\ or
July \ or August\ or September\ or October\ or November\ or December\ f i
\ space \number\day , \number\year }

830

\ de f \@begintheorem#1#2{%
\ parsk ip 0pt % GM July 2000 ( f o r t i g h t e r spac ing )
\ t r i v l i s t
\ item[%

835 \hskip 10\p@
\hskip \ l a b e l s e p
{{\ sc #1}\hskip 5\p@\ r e l a x#2.}%

]
\ i t

840 }
\ de f \@opargbegintheorem#1#2#3{%

\ parsk ip 0pt % GM July 2000 ( f o r t i g h t e r spac ing )
\ t r i v l i s t
\ item[%

845 \hskip 10\p@
\hskip \ l a b e l s e p
{\ sc #1\ #2\ % This mod by Gerry to enumerate c o r o l l a r i e s

\ setbox \@tempboxa\hbox{(#3)} % and bracket the ’ c o r o l l a r y t i t l e ’
\ i fd im \wd\@tempboxa>\z@ % and r e t a i n the c o r r e c t numbering o f e . g . ⤦

Ç theorems
850 \hskip 5\p@\ r e l a x % i f they occur ’ around ’ sa id c o r o l l a r i e s .

\box\@tempboxa % Gerry − Nov . 1999 .
\ f i .}%

]
\ i t

855 }
\newi f \ i f@qeded
\ g l oba l \@qededfa l se

% −− o r i g i n a l
860 %\de f \ proo f{%

% \vspace{−\parsk ip } % GM July 2000 ( f o r t i g h t e r spac ing )
% \ g l oba l \@qededfa l se
% \@ifnextchar [{\@xproof }{\@proof}%
%}

865 % −− end o f o r i g i n a l

% (JSS ) Fix f o r v e r t i c a l spac ing bug − Gerry Murray July 30 th . 2002
\ de f \ proo f{%
\vspace{−\ l a s t s k i p }\ vspace{−\parsep }\ penalty −51%

870 \ g l oba l \@qededfa l se
\@ifnextchar [{\@xproof }{\@proof}%
}

\ de f \ endproof{%
875 \ i f@qeded \ e l s e \qed\ f i

\ e n d t r i v l i s t
}
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\ de f \@proof{%
\ t r i v l i s t

880 \ item[%
\hskip 10\p@
\hskip \ l a b e l s e p
{\ sc Proof .}%

]
885 \ i gno r e spac e s

}
\ de f \@xproof [#1]{%

\ t r i v l i s t
\ item [\ hskip 10\p@\hskip \ l a b e l s e p {\ sc Proof #1.}]%

890 \ i gno r e spac e s
}
\ de f \qed{%

\unskip
\kern 10\p@

895 \begingroup
\ un i t l eng th \p@
\ l i n e t h i c k n e s s { . 4\p@}%
\ framebox (6 , 6 ){}%

\endgroup
900 \ g l oba l \@qededtrue

}

\ de f \newdef#1#2{%
\ expandafter \@i f d e f i n ab l e \csname #1\endcsname

905 {\@def inecounter{#1}%
\ expandafter \ xdef \csname the#1\endcsname{\@thmcounter{#1}}%
\ g l oba l \@namedef{#1}{\@defthm{#1}{#2}}%
\ g l oba l \@namedef{end#1}{\@endtheorem}%

}%
910 }

\ de f \@defthm#1#2{%
\ r e f s t e p c oun t e r{#1}%
\@ifnextchar [{\@ydefthm{#1}{#2}}{\@xdefthm{#1}{#2}}%

}
915 \ de f \@xdefthm#1#2{%

\@begindef{#2}{\csname the#1\endcsname}%
\ i gno r e spac e s

}
\ de f \@ydefthm#1#2[#3]{%

920 \ t r i v l i s t
\ item[%

\hskip 10\p@
\hskip \ l a b e l s e p
{\ i t #2%

925 \ savebox\@tempboxa{#3}%
\ i fd im \wd\@tempboxa>\z@

\ \box\@tempboxa
\ f i .%

}]%
930 \ i gno r e spac e s

}
\ de f \@begindef#1#2{%

\ t r i v l i s t
\ item[%
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935 \hskip 10\p@
\hskip \ l a b e l s e p
{\ i t #1\ \rm #2.}%

]%
}

940 \ de f \ theequat ion {\ arab i c { equat ion }}

\newcounter{part }
\newcounter{ s e c t i o n }
\newcounter{ subs e c t i on } [ s e c t i o n ]

945 \newcounter{ subsubsec t i on } [ s ub s e c t i on ]
\newcounter{paragraph } [ subsubsec t i on ]
\ de f \ thepart {\Roman{part }}
\ de f \ t h e s e c t i on {\ arab i c { s e c t i o n }}
\ de f \ the subs e c t i on {\ t h e s e c t i on .\ arab i c { subs e c t i on }}

950 \ de f \ the subsubsec t i on {\ the subse c t i on .\ arab i c { subsubsec t i on }} %removed \ subs e c fn t⤦
Ç 29 July 2002 gkmt

\ de f \ theparagraph {\ the subsubsec t i on .\ arab i c {paragraph }} %removed \ subs e c fn t 29 ⤦
Ç July 2002 gkmt

\newi f \ i f@uchead
\@ucheadfa lse

955 %% CHANGES: NEW NOTE
%% NOTE: OK to use old − s t y l e f ont commands below , s i n c e they were
%% su i t ab l y r ed e f i n ed f o r LaTeX2e
%% END CHANGES
\ s e t count e r { secnumdepth }{3}

960 \ de f \part{%
\@sta r t s e c t i on {part }{9}{\z@}{−10\p@ \@plus −4\p@ \@minus −2\p@}

{4\p@}{\ normal s i ze \@ucheadtrue}%
}
\ de f \ s e c t i o n{%

965 \@sta r t s e c t i on { s e c t i o n }{1}{\z@}{−10\p@ \@plus −4\p@ \@minus −2\p@}% GM
{4\p@}{\ ba s e l i n e s k i p 14pt\ s e c f n t \@ucheadtrue}%

}

\ de f \ subs e c t i on{%
970 \@sta r t s e c t i on { subs e c t i on }{2}{\z@}{−8\p@ \@plus −2\p@ \@minus −\p@}

{4\p@}{\ s e c f n t}%
}
\ de f \ subsubsec t i on{%

\@sta r t s e c t i on { subsubsec t i on }{3}{\z@}{−8\p@ \@plus −2\p@ \@minus −\p@}%
975 {4\p@}{\ subs e c fn t}%

}
\ de f \paragraph{%

\ vsk ip 12pt\@sta r t s e c t i on {paragraph }{3}{\z@}{6\p@ \@plus \p@}%
{−5\p@}{\ subs e c fn t}%

980 }
\ l e t \@period=.
\ de f \@sta r t s e c t i on#1#2#3#4#5#6{%

\ i f@nosk ip s e c %gkmt , 11 aug 99
\ g l oba l \ l e t \@period\@empty

985 \ leavevmode
\ g l oba l \ l e t \@period .%

\ f i
\par %

\@tempskipa #4\ r e l a x
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990 \@af t e r indent t rue
\ i fd im \@tempskipa <\z@

\@tempskipa −\@tempskipa
\@a f t e r i nd en t f a l s e

\ f i
995 \ i f@nobreak

\ everypar{}%
\ e l s e

\ addpenalty \@secpenalty
\addvspace\@tempskipa

1000 \ f i
\ parsk ip=0pt % GM July 2000 ( non numbered ) s e c t i o n heads

\@i f s t a r
{\@ssect{#3}{#4}{#5}{#6}}
{\@dblarg{\@sect{#1}{#2}{#3}{#4}{#5}{#6}}}%

1005 }
\ de f \@sect#1#2#3#4#5#6[#7]#8{%

\ ifnum #2>\c@secnumdepth
\ l e t \@svsec\@empty

\ e l s e
1010 \ r e f s t e p c oun t e r{#1}%

\ ede f \@svsec{%
\begingroup

%\ifnum#2>2 \noexpand\rm \ f i % changed to next 29 July 2002 gkmt
\ ifnum#2>2 \noexpand#6 \ f i

1015 \csname the#1\endcsname
\endgroup
\ ifnum #2=1\ r e l a x .\ f i
\hskip 1em

}%
1020 \ f i

\@tempskipa #5\ r e l a x
\ i fd im \@tempskipa>\z@

\begingroup
#6\ r e l a x

1025 \@hangfrom{\ hskip #3\ r e l a x \@svsec}%
\begingroup

\ i n t e r l i n e p e n a l t y \@M
\ i f@uchead

\uppercase{#8}%
1030 \ e l s e

#8%
\ f i
\par

\endgroup
1035 \endgroup

\csname #1mark\endcsname{#7}%
\ vsk ip −12pt %gkmt , 11 aug 99 and GM July 2000 (was −14) − numbered ⤦

Ç s e c t i o n head spac ing
\ addconten t s l i n e { toc}{#1}{%

\ ifnum #2>\c@secnumdepth \ e l s e
1040 \ pro t e c t \numberl ine {\csname the#1\endcsname}%

\ f i
#7%

}%
\ e l s e

1045 \ de f \@svsechd{%
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#6%
\hskip #3\ r e l a x
\@svsec
\ i f@uchead

1050 \uppercase{#8}%
\ e l s e

#8%
\ f i
\csname #1mark\endcsname{#7}%

1055 \ addconten t s l i n e { toc}{#1}{%
\ ifnum #2>\c@secnumdepth \ e l s e

\ pro t e c t \numberl ine {\csname the#1\endcsname}%
\ f i
#7%

1060 }%
}%

\ f i
\@xsect{#5}\hskip 1pt
\par

1065 }
\ de f \@xsect#1{%

\@tempskipa #1\ r e l a x
\ i fd im \@tempskipa>\z@

\par
1070 \nobreak

\ vsk ip \@tempskipa
\@afterheading

\ e l s e
\ g l oba l \@nobreakfa l se

1075 \ g l oba l \@noskipsectrue
\ everypar{%

\ i f@nosk ip s e c
\ g l oba l \@nosk ip s e c f a l s e
\ c lubpena l ty \@M

1080 \hskip −\par indent
\begingroup

\@svsechd
\@period

\endgroup
1085 \unskip

\@tempskipa #1\ r e l a x
\hskip −\@tempskipa

\ e l s e
\ c lubpena l ty \@clubpenalty

1090 \ everypar{}%
\ f i

}%
\ f i
\ i gno r e spac e s

1095 }
\ de f \@t r i v l i s t{%

\@topsepadd\ topsep
\ i f@nosk ip s e c

\ g l oba l \ l e t \@period\@empty
1100 \ leavevmode

\ g l oba l \ l e t \@period .%
\ f i
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\ i fvmode
\advance\@topsepadd\partopsep

1105 \ e l s e
\unskip
\par

\ f i
\ i f@ i n l a b e l

1110 \@noparitemtrue
\@nopar l i s t t rue

\ e l s e
\@nopa r l i s t f a l s e
\@topsep\@topsepadd

1115 \ f i
\advance\@topsep \ parsk ip
\ l e f t s k i p \ z@skip
\ r i g h t s k i p \@rightsk ip
\ p a r f i l l s k i p \@flushg lue

1120 \@setpar {\ i f@new l i s t \ e l s e {\@@par}\ f i }
\ g l oba l \@newl i s t t rue
\@outerparskip \ parsk ip

}

1125 %%% Actual ly , ’ abbrev ’ works j u s t f i n e as the d e f au l t
%%% Bibl iography s t y l e .

\ typeout {Using ’Abbrev ’ b ib l i og raphy s t y l e }
\newcommand\ bibyear [2]{%

1130 \unskip \quad\ i gno r e spac e s#1\unskip
\ i f #2..\quad \ e l s e \quad#2 \ f i

}
\newcommand{\bibemph } [ 1 ]{{\em#1}}
\newcommand{\bibemphic } [ 1 ]{{\em#1\/}}

1135 \newcommand{\ b ibsc } [ 1 ]{{\ sc#1}}
\ de f \@normalcite{%

\ de f \@cite##1##2{[##1\if@tempswa , ##2\ f i ]}%
}
\ de f \@citeNB{%

1140 \ de f \@cite##1##2{##1\if@tempswa , ##2\ f i }%
}
\ de f \@citeRB{%

\ de f \@cite##1##2{##1\if@tempswa , ##2\ f i ]}%
}

1145 \ de f \ s t a r t@c i t e#1#2{%
\ ede f \ c i t e au tho ry ea r##1##2##3{%

###1%
\ ifnum#2=\z@ \ e l s e \ ###2\ f i

}%
1150 \ ifnum#1=\thr@@

\ l e t \@@cite\@citeyear
\ e l s e

\ l e t \@@cite\@citenormal
\ f i

1155 \@i f s t a r {\@citeNB\@@cite}{\@normalcite \@@cite}%
}
\ de f \ c i t e {\ s t a r t@c i t e 23 }
\ de f \ citeNP {\ c i t e ∗}
\ de f \ c i teA {\ s t a r t@c i t e 10 }
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1160 \ de f \citeANP{\ c i teA ∗}
\ de f \ s h o r t c i t e {\ s t a r t@c i t e 23 }
\ de f \ shortc i teNP {\ s h o r t c i t e ∗}
\ de f \ sho r t c i t eA {\ s t a r t@c i t e 20 }
\ de f \ shortciteANP {\ sho r t c i t eA ∗}

1165 \ de f \ c i t e y e a r {\ s t a r t@c i t e 30 }
\ de f \ citeyearNP {\ c i t e y e a r ∗}
\ de f \ c i teN{%

\@citeRB
\ de f \ c i t e au tho ry ea r##1##2##3{##1\ [##3%

1170 \ de f \ reserved@a{##1}%
\ de f \ c i t e au tho ry ea r####1####2####3{%

\ de f \ reserved@b{####1}%
\ i f x \ reserved@a \ reserved@b

####3%
1175 \ e l s e

\ errmessage {Package acmart Error : author mismatch
in \ s t r i n g \ c i teN ˆˆJˆˆJ%

See the acmart package documentation f o r exp lanat ion}%
\ f i

1180 }%
}%
\@i f s t a r \@citeyear \@citeyear

}
\ de f \ sho r t c i t eN{%

1185 \@citeRB
\ de f \ c i t e au tho ry ea r##1##2##3{##2\ [##3%

\ de f \ reserved@a{##2}%
\ de f \ c i t e au tho ry ea r####1####2####3{%

\ de f \ reserved@b{####2}%
1190 \ i f x \ reserved@a \ reserved@b

####3%
\ e l s e

\ errmessage {Package acmart Error : author mismatch
in \ s t r i n g \ sho r t c i t eN ˆˆJˆˆJ%

1195 See the acmart package documentation f o r exp lanat ion}%
\ f i

}%
}%
\@i f s t a r \@citeyear \@citeyear % GM July 2000

1200 }
\ de f \@citenormal{%

\@ifnextchar [{\@tempswatrue\@citex ;}
{\@tempswafalse\@citex , [ ]}% % GM July 2000

}
1205 \ de f \@citeyear{%

\@ifnextchar [{\@tempswatrue\@citex ,}%
{\@tempswafalse\@citex , [ ]}%

}
\ de f \@citex#1[#2]#3{%

1210 \ l e t \@citea \@empty
\@cite{%

\@for\@citeb :=#3\do{%
\@citea
\ de f \@citea{#1 }%

1215 \ ede f \@citeb {\ expandafter \@iden\@citeb}%
\ i f @ f i l e sw
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\ immediate\wr i t e \@auxout{\ s t r i n g \ c i t a t i o n {\@citeb}}%
\ f i
\@ifunde f ined {b@\@citeb}{%

1220 {\ bf ?}%
\@warning{%

Cita t i on ‘\@citeb ’ on page \ thepage \ space undef ined%
}%

}%
1225 {\csname b@\@citeb \endcsname}%

}%
}{#2}%

}
\ l e t \@biblabe l \@gobble

1230 \newdimen\ bib indent
\ s e t count e r {enumi}{1}
\ bib indent=0em
\ de f \ theb ib l i og raphy#1{% \ ifnum\ addauf lag=0\addauthorsect ion \ g l oba l \ addauf lag=1\⤦

Ç f i
\ s e c t i o n [ Re fe rences ]{% <=== OPTIONAL ARGUMENT ADDED HERE

1235 {Refe rences } % was uppercased but t h i s a f f e c t s pdf bookmarks (SP/GM ⤦

Ç October 2004)
\ vsk ip −9pt % GM July 2000 ( f o r t i g h t e r spac ing )

\@mkboth{{\ refname }}{{\ refname}}%
}%
\ l i s t { [\ arab i c {enumi}]}{%

1240 \ se t towidth \ l abe lw id th {[#1]}%
\ l e f tmarg in \ l abe lw id th
\advance\ l e f tmarg in \ l a b e l s e p
\advance\ l e f tmarg in \ bib indent
\parsep=0pt\ i temsep=1pt % GM July 2000

1245 \ i t emindent −\bib indent
\ l i s t p a r i n d e n t \ i t emindent
\ usecounter {enumi}

}%
\ l e t \newblock\@empty

1250 \ raggedr i gh t % GM July 2000
\ s loppy
\ s fcode ‘\ .=1000\ r e l a x

}

1255

\ gdef \balancecolumns
{\ v f i l l \ e j e c t
\ g l oba l \@colht=\t ex the i gh t
\ g l oba l \ht\@cclv=\t ex the i gh t

1260 }

\newcount\ c o l c n t r
\ g l oba l \ c o l c n t r=0
\newbox\ savebox

1265

\ gdef \@makecol {%
\ g l oba l \advance\ c o l c n t r by 1
\ ifnum\ co l cn t r >2 \ g l oba l \ c o l c n t r=1\ f i

\ i f v o i d \ f o o t i n s
1270 \ setbox \@outputbox \box\@cclv

\ e l s e
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\ setbox \@outputbox \vbox{%
\boxmaxdepth \@maxdepth

\@tempdima\dp\@cclv
1275 \unvbox \@cclv

\vskip −\@tempdima
\ vsk ip \ sk ip \ f o o t i n s
\ color@begingroup

\ normalco lor
1280 \ f o o t n o t e r u l e

\unvbox \ f o o t i n s
\ color@endgroup
}%

\ f i
1285 \ xdef \@ f r e e l i s t {\ @ f r e e l i s t \@midl i st}%

\ g l oba l \ l e t \@midl i st \@empty
\@combinef loats
\ i f vbox \@kludgeins

\@makespecialcolbox
1290 \ e l s e

\ setbox \@outputbox \vbox to \@colht {%
\@texttop

\dimen@ \dp\@outputbox
\unvbox \@outputbox

1295 \ vsk ip −\dimen@
\@textbottom
}%

\ f i
\ g l oba l \maxdepth \@maxdepth

1300 }
\ de f \ t i t l e n o t e {\@ifnextchar [\ @xt i t l eno t e {\ s t epcounte r \@mpfn
\ g l oba l \advance\ t i t l e n o t e c oun t by 1
\ ifnum\ t i t l e n o t e c oun t=1

\ r a i s ebox {9pt }{$\ ast$ }
1305 \ f i

\ ifnum\ t i t l e n o t e c oun t=2
\ r a i s ebox {9pt }{$\dagger$ }

\ f i
\ ifnum\ t i t l e n o t e c oun t=3

1310 \ r a i s ebox {9pt }{$\ddagger$}
\ f i
\ ifnum\ t i t l e n o t e c oun t=4
\ r a i s ebox {9pt }{$\S$}
\ f i

1315 \ ifnum\ t i t l e n o t e c oun t=5
\ r a i s ebox {9pt }{$\P$}
\ f i

\@t i t l e n o t e t e x t
}}

1320

\ long \ de f \@t i t l e n o t e t e x t#1{\ i n s e r t \ f o o t i n s{%
\ ifnum\ t i t l e n o t e c oun t=1\g l oba l \ tntoks={#1}\ f i
\ ifnum\ t i t l e n o t e c oun t=2\g l oba l \ tntokstwo={#1}\ f i
\ ifnum\ t i t l e n o t e c oun t=3\g l oba l \ tn tok s th r e e={#1}\ f i

1325 \ ifnum\ t i t l e n o t e c oun t=4\g l oba l \ tn tok s f ou r={#1}\ f i
\ ifnum\ t i t l e n o t e c oun t=5\g l oba l \ t n t o k s f i v e={#1}\ f i

\ r e s e t@font \ f o o t n o t e s i z e
\ i n t e r l i n e p e n a l t y \ i n t e r f o o t n o t e l i n e p e n a l t y
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\ s p l i t t o p s k i p \ f oo tno t e s ep
1330 \ spl i tmaxdepth \dp\ s t rutbox \ f l o a t i n gp en a l t y \@MM

\ h s i z e \columnwidth \@parboxrestore
\ protected@edef \@current labe l{%
}%
\ color@begingroup

1335 \ color@endgroup }}

%%%%%%%%%%%%%%%%%%%%%%%%%
\ps@plain
\ ba s e l i n e s k i p=11pt

1340 \ l e t \ thepage \ r e l a x % For NO page numbers − GM Nov . 30 th . 1999 and July 2000
\ de f \ setpagenumber#1{\ g l oba l \ s e t count e r {page}{#1}}
%\pagenumbering{ arab i c } % Arabic page numbers GM July 2000
\twocolumn % Double column .
\ f lushbottom % Even bottom −− a las , does not balance columns at end o f⤦

Ç document
1345 \ page s ty l e { p l a i n }

% Need Copyright Year and Copyright Data to be user d e f i n ab l e ( in . tex f i l e ) .
% Gerry Nov . 30 th . 1999
\newtoks\ copyrtyr

1350 \newtoks\acmcopyr
\newtoks\ b o i l e r p l a t e
\ g l oba l \acmcopyr={X−XXXXX−XX−X/XX/XX} % Defau l t − 5/11/2001 ∗∗∗ Gerry
\ g l oba l \ copyrtyr={200X} % Defau l t − 3/3/2003 ∗∗∗ Gerry
\ de f \CopyrightYear#1{\ g l oba l \ copyrtyr{#1}}

1355 \ de f \ crdata#1{\ g l oba l \acmcopyr{#1}}
\ de f \ permis s ion#1{\ g l oba l \ b o i l e r p l a t e {#1}}
%
\ g l oba l \ b o i l e r p l a t e={Permiss ion to make d i g i t a l or hard cop i e s o f a l l or part o f⤦

Ç t h i s work f o r pe r sona l or c lassroom use i s granted without f e e provided ⤦
Ç that cop i e s are not made or d i s t r i b u t e d f o r p r o f i t or commercial advantage⤦
Ç and that cop i e s bear t h i s no t i c e and the f u l l c i t a t i o n on the f i r s t page .⤦
Ç To copy otherwise , to repub l i sh , to post on s e r v e r s or to r e d i s t r i b u t e ⤦
Ç to l i s t s , r e qu i r e s p r i o r s p e c i f i c permis s ion and/or a f e e .}

\newtoks\ copy r i gh t e t c
1360 \ g l oba l \ copy r i gh t e t c {Copyright \ the \ copyrtyr \ \ the \acmcopyr}

\ toappear {\ the \ b o i l e r p l a t e \par
{\ confname{\ the \ conf }} \ the \ c on f i n f o \par \ the \ copy r i gh t e t c }
%

1365 %% End o f s ig − a l t e r n a t e . c l s −− V1.7 − 10/15/2004 −−
%% Gerry Murray −− Wednesday October 15 th . 2004

12 doc/setup.dot

digraph G {
graph [ bgco lo r=white , rankd i r=TB] ;
edge [ c o l o r=black ] ;
subgraph pdMain {

5 node [ shape=box ] ;
pdLoad [ l a b e l=”pd ” ] ;

}
subgraph hsextboot s t rap {

node [ shape=”diamond ” ] ;
10 hsBootstrap [ l a b e l=”boots t rap . c ” ] ;
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}
subgraph hsextHsExt {

node [ shape=” e l l i p s e ” ] ;
hsSetup [ l a b e l=”HsExt . hs ” ] ;

15 }
subgraph h s e x t l i bh s e x t {

node [ shape=”para l l e l og ram ” ] ;
h s l i bSe tup [ l a b e l=” l i b h s e x t . c ” ] ;

}
20 subgraph load {

pdLoad −> hsBootstrap [ l a b e l=”hsex t s e tup ” ] ;
hsBootstrap −> hsSetup [ l a b e l=”h s e x t i n i t ” ] ;
hsSetup −> hs l ibSe tup [ l a b e l=” l i b h s e x t s e t up ” ] ;

}
25 }

13 examples/Print-help.pd

#N canvas 8 107 343 303 10 ;
#X obj 73 200 hsext Pr int 1 2 a b ;
#X msg 216 146 a b c ;
#X msg 137 60 l i s t a b c ;

5 #X msg 169 96 symbol a ;
#X msg 201 118 1 a 2 b ;
#X msg 18 131 1 ;
#X obj 53 130 bng 15 250 50 0 empty empty empty 0 −6 0 8 −262144 −1
−1;

10 #X msg 73 105 l i s t ;
#X msg 83 133 a ;
#X msg 160 141 1 2 3 ;
#X msg 22 84 f l o a t ;
#X msg 91 166 symbol ;

15 #X msg 120 15 f l o a t a ;
#X msg 105 40 symbol 1 ;
#X msg 183 37 symbol a b ;
#X msg 179 15 f l o a t 1 a ;
#X msg 225 59 symbol a 1 2 ;

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

25 #X connect 6 0 0 0 ;
#X connect 7 0 0 0 ;
#X connect 8 0 0 0 ;
#X connect 9 0 0 2 ;
#X connect 10 0 0 0 ;

30 #X connect 11 0 0 0 ;
#X connect 12 0 0 1 ;
#X connect 13 0 0 1 ;
#X connect 14 0 0 1 ;
#X connect 15 0 0 1 ;

35 #X connect 16 0 0 4 ;

14 examples/Print.hs
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−− hsext −− Haske l l ob j e c t s f o r Pd
−− Copyright (C) 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 , ⤦

Ç USA.

−− pr in t everyth ing
20

module Pr int where

import Data . L i s t ( i n t e r s p e r s e )
import PureData

25

c r e a t o r : : Creator
c r e a t o r args = do

putStr (” Pr int . c r e a t o r : args <”)
sa rg s <− mapM showAtom args

30 putStr ( concat ( i n t e r s p e r s e ” ,” sa rg s ) )
putStrLn (”>”)
re turn ( Just Ins tance { i I n l e t s = 5 , iOu t l e t s = 0 , iMethod = i n l e t })

i n l e t n s e l e c t o r message = do
35 putStr (” Pr int . method : i n l e t <” ++ ( show n) ++ ”> s e l e c t o r <”)

s s e l e c t o r <− peekSymbol s e l e c t o r
putStr ( s s e l e c t o r )
putStr (”> message<”)
smsg <− mapM showAtom message

40 putStr ( concat ( i n t e r s p e r s e ” ,” smsg ) )
putStrLn (”>”)

showAtom (AFloat f ) = do
return (” f l o a t <” ++ ( show f ) ++ ”>”)

45

showAtom (ASymbol s ) = do
s s <− peekSymbol s
re turn (” symbol<” ++ ss ++ ”>”)

15 examples/Swap-help.pd

#N canvas 0 0 450 300 10 ;
#X obj 48 136 hsext Swap ;
#X f loatatom 113 96 5 0 0 0 − − −;
#X f loatatom 113 184 5 0 0 0 − − −;

5 #X floatatom 48 95 5 0 0 0 − − −;
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#X floatatom 48 183 5 0 0 0 − − −;
#X obj 194 136 hsext Swap ;
#X f loatatom 259 96 5 0 0 0 − − −;
#X f loatatom 259 184 5 0 0 0 − − −;

10 #X floatatom 194 95 5 0 0 0 − − −;
#X f loatatom 194 183 5 0 0 0 − − −;
#X connect 0 0 4 0 ;
#X connect 0 1 2 0 ;
#X connect 1 0 0 1 ;

15 #X connect 3 0 0 0 ;
#X connect 5 0 9 0 ;
#X connect 5 1 7 0 ;
#X connect 6 0 5 1 ;
#X connect 8 0 5 0 ;

16 examples/Swap.hs

−− hsext −− Haske l l ob j e c t s f o r Pd
−− Copyright (C) 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 , ⤦

Ç USA.

−− swap two messages
20

module Swap where

import Data . IORef
import PureData

25

c r e a t o r : : Creator
c r e a t o r args = do

bang <− gensym ”bang”
s t a t e <− newIORef ( bang , [ ] )

30 re turn ( Just Ins tance { i I n l e t s = 2 , iOu t l e t s = 2 , iMethod = i n l e t s t a t e })

i n l e t s t a t e ou t l e t 0 s m = do
( rs , rm) <− readIORef s t a t e
ou t l e t 1 s m

35 ou t l e t 0 r s rm
return ( )

i n l e t s t a t e ou t l e t 1 s m = do
writeIORef s t a t e ( s ,m)
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40 re turn ( )

17 hsext/bootstrap.c

/∗
hsext −− Haske l l ob j e c t s f o r Pd
Copyright (C) 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.
∗/

20

#inc lude ”HsExt stub . h”

extern void s t g i n i t H sEx t ( void ) ;

25 extern void h s e x t i n i t ( void ) ;

extern void hsex t s e tup ( void ) { /∗ boots t rap ∗/
h s i n i t (0 , 0) ;
h s add root ( s t g i n i t H sEx t ) ;

30 h s e x t i n i t ( ) ;
}

18 hsext/Dispatcher.hs

module Dispatcher (
Dispatcher , −− abs t r a c t data type
empty , −− an empty d i spa t che r
f a l l b a ck , −− a method to c a l l when type unrecognized

5 i n s e r t , −− a s s o c i a t e a method to a type
de l e t e , −− d i s a s s o c i a t e a method from a type
d i spatch −− d i spatch methods accord ing to type

) where

10 import Data . Dynamic
import Data . Typeable
import Data .Maybe
import Data . IntMap ( IntMap )
import q u a l i f i e d Data . IntMap as IntMap

15

data Dispatcher = D ( IntMap Dynamic ) (Maybe (Dynamic −> IO ( ) ) )

empty : : Dispatcher
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empty = D IntMap . empty Nothing
20

f a l l b a c k : : Maybe (Dynamic −> IO ( ) ) −> Dispatcher −> IO Dispatcher
f a l l b a c k f (D d ) = return (D d f )

i n s e r t : : ( Typeable a ) => a −> ( a −> IO ( ) ) −> Dispatcher −> IO Dispatcher
25 i n s e r t t m (D d f ) = typeRepKey ( typeOf t )

>>= \k −> re turn (D ( IntMap . i n s e r t k ( toDyn m) d) f )

d e l e t e : : ( Typeable a ) => a −> Dispatcher −> IO Dispatcher
d e l e t e t (D d f ) = typeRepKey ( typeOf t )

30 >>= \k −> re turn (D ( IntMap . d e l e t e k d) f )

d i spatch : : Dynamic −> Dispatcher −> IO ( )
d i spatch t (D d f ) = do

key <− typeRepKey (dynTypeRep t )
35 case ( IntMap . lookup key d) o f

Nothing −> case f o f
Nothing −> putStrLn ”Dispatcher . d i spatch : no f a l l b a c k ”
Just f ’ −> f ’ t

Just method −> case ( dynApply method t ) o f
40 Nothing −> putStrLn ”Dispatcher . d i spatch : dynApply −> Nothing”

Just r −> case ( fromDynamic r ) o f
Nothing −> putStrLn ”Dispatcher . d i spatch : fromDynamic −> Nothing”
Just r ’ −> r ’

45 t e s t = return empty
>>= f a l l b a c k ( Just (\x −> putStrLn (”WTF I has a ” ++ show x ++ ” ! ” ) ) )
>>= i n s e r t ( undef ined : : I n t eg e r ) ( putStrLn . (” I has a In t eg e r ! ”++) . show )
>>= i n s e r t ( undef ined : : S t r ing ) ( putStrLn . (” I has a St r ing ! ”++) . show )
>>= i n s e r t ( undef ined : : [ Int ] ) ( putStrLn . (” I has a [ Int ] ! ”++) . show )

50 >>= \d −> do
d i spatch ( toDyn ( 1 : : Int ) ) d
d i spatch ( toDyn (” h e l l o ” : : S t r ing ) ) d
d i spatch ( toDyn ( 1 : : I n t eg e r ) ) d
d i spatch ( toDyn ( [ 0 . . 9 ] : : [ Int ] ) ) d

55 de l e t e ( undef ined : : S t r ing ) d
>>= f a l l b a c k Nothing
>>= dispatch ( toDyn [ ’H’ , ’ i ’ ] )

19 hsext/Forward.c

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

20

#inc lude <m pd . h>

typede f ( s t r u c t h sob j e c t ∗) ( t h s o b j e c t c o n s t r u c t o r ) (
t symbol ∗ , int , t atom ∗

25 ) ;

typede f void ( t h s o b j e c t d e s t r u c t o r ) (
s t r u c t h sob j e c t ∗

) ;
30

typede f void ( t h s i n l e t d i s p a t c h e r ) (
s t r u c t h sob j e c t ∗ , s t r u c t h s i n l e t ∗ , t symbol ∗ , int , t atom ∗

) ;

35 s t a t i c t c l a s s ∗ h s i n l e t c l a s s ;
s t a t i c t c l a s s ∗ h s o b j e c t c l a s s ;

extern void h sob j e c t s e tup (
t h s o b j e c t c o n s t r u c t o r cons t ructor ,

40 t h s o b j e c t d e s t r u c t o r des t ruc to r ,
t h s i n l e t d i s p a t c h e r d i spa t che r

) {
/∗ c r e a t e proxy i n l e t c l a s s ∗/
h s i n l e t c l a s s = c la s s new (

45 gensym(” hsext i n l e t ”) , 0 , 0 , s i z e o f ( s t r u c t h s i n l e t ) , 0 , 0
) ;
c l a s s addanyth ing ( h s i n l e t c l a s s , d i spa t che r ) ;
/∗ c r e a t e hsext c l a s s ∗/
h s o b j e c t c l a s s = c la s s new (

50 gensym(” hsext ”) ,
( t newmethod ) const ructor ,
( t method ) des t ruc to r ,
s i z e o f ( t l i b h s e x t ) ,
CLASS NOINLET,

55 A GIMME,
0

) ;
}

60

post (” lua : (GPL) 2007 Claude Heiland −Allen <claudiusmaximus@goto10 . org>”) ;
L = lua open ( ) ;
l uaL open l i b s (L) ;
Pd In i t (L) ;

65 char buf [MAXPDSTRING] ;
char ∗ptr ;
t pd lua r eade rda ta reader ;
/∗ f i l e ”pd . lua ” i s some g lue to ease the pain o f SWIG ∗/
i n t fd = canvas open (0 , ”pd” , ” . lua ” , buf , &ptr , MAXPDSTRING, 1) ;

70 i f ( fd >= 0) {
reader . fd = fd ;
i f ( l u a l o ad (L , pdlua reader , &reader , ”pd . lua ”) | |
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l u a p c a l l (L , 0 , 0 , 0) ) {
post (

75 ” lua : e r r o r l oad ing ‘pd . lua ’ : %s ” ,
l u a t o s t r i n g (L , −1)

) ;
post (” lua : l oade r w i l l not be r e g i s t e r e d ! ” ) ;
lua pop (L , 1) ;

80 c l o s e ( fd ) ;
} e l s e {

c l o s e ( fd ) ;
s y s r e g i s t e r l o a d e r ( pd lua loade r ) ;

}
85 } e l s e {

post (” lua : e r r o r l oad ing ‘pd . lua ’ : canvas open ( ) f a i l e d ”) ;
post (” lua : l oade r w i l l not be r e g i s t e r e d ! ” ) ;

}

20 hsext/HsExt.hs

−− hsext −− Haske l l ob j e c t s f o r Pd
−− Copyright (C) 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 , ⤦

Ç USA.

20 module HsExt where

import Data . IORef
import Data .Map(Map)
import q u a l i f i e d Data .Map as Map

25 import Fore ign .C. Types
import Fore ign .C. S t r ing
import Fore ign . Ptr
import Fore ign . Marshal . Array
import Fore ign . Marshal . A l loc ( a l l o caByte s )

30

import System . Plug ins .Make (
make ,
MakeStatus (MakeFailure , MakeSuccess ) )

35 import System . Plug ins . Load (
pdynload ,
LoadStatus ( LoadFailure , LoadSuccess ) )
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import Pd
40

import PureData −− API

type InstanceID = CInt

45 type InletNumber = CInt

type Cal lStack = [ InstanceID ]

data State = State {
50 sCreator : : Map ( Ptr Symbol ) Creator ,

s In s tance : : Map InstanceID Instance ,
sObject : : Map InstanceID ( Ptr Object ) ,
sNextId : : InstanceID }

55 type NewMethod =
Ptr Symbol −> CInt −> Ptr Atom −> IO ( Ptr Object )

f o r e i g n import c c a l l ”wrapper”
wrapNew : : NewMethod −> IO (FunPtr NewMethod)

60 type FreeMethod =
Ptr Object −> IO ( )

f o r e i g n import c c a l l ”wrapper”
wrapFree : : HsExt . FreeMethod −> IO (FunPtr HsExt . FreeMethod )

65 type InletMethod =
InstanceID −> InletNumber −> Ptr Symbol −> CInt −> Ptr Atom −> IO ( )

f o r e i g n import c c a l l ”wrapper”
wrapIn let : : InletMethod −> IO (FunPtr InletMethod )

70

f o r e i g n import c c a l l ” l i b h s e x t . h l i b h s e x t s e t up ”
l i b h s e x t s e t up : : ( FunPtr NewMethod) −> ( FunPtr HsExt . FreeMethod )

−> ( FunPtr InletMethod ) −> IO ( )

75 f o r e i g n import c c a l l ” l i b h s e x t . h l ibhsext new ”
l ibhsext new : : CInt −> CInt −> CInt −> IO ( Ptr Object )

f o r e i g n import c c a l l ” l i b h s e x t . h l i b h s e x t f r e e ”
l i b h s e x t f r e e : : Ptr Object −> IO CInt

80

f o r e i g n import c c a l l ” l i b h s e x t . h l i b h s e x t o u t l e t ”
l i b h s e x t o u t l e t : : Ptr Object −> CInt −> Ptr Symbol −> CInt −> Ptr Atom

−> IO ( )

85 f o r e i g n import c c a l l ” l i b h s e x t . h l i b h s e x t f i n d ”
l i b h s e x t f i n d : : CString −> CUInt −> Ptr CChar −> IO ( )

f o r e i g n export c c a l l h s e x t i n i t : : Setup
90 h s e x t i n i t : : Setup

h s e x t i n i t = do
s r e f <− newIORef s0
newMethod <− wrapNew (new s r e f )
freeMethod <− wrapFree ( f r e e s r e f )
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95 in letMethod <− wrapIn let ( i n l e t s r e f )
l i b h s e x t s e t up newMethod freeMethod inletMethod
return ( )
where

s0 = State {
100 sCreator = Map. empty ,

s In s tance = Map. empty ,
sObject = Map. empty ,
sNextId = 1}

105 new : : IORef State −> NewMethod
new s r e f argc argv

| argc > 0 = do
msg <− peekArray ( f r omInteg ra l argc ) argv
case ( head msg) o f

110 ASymbol s e l −> do
mbc <− l oade r s r e f s e l
s <− readIORef s r e f
case mbc o f

Nothing −> do
115 re turn nu l lPt r

Just c −> do
mbins <− c ( t a i l msg)
case mbins o f

Nothing −> do
120 re turn nu l lPt r

Just i n s −> do
pd <− l i bhsext new ( sNextId s ) ( i I n l e t s i n s ) ( iOu t l e t s i n s )
writeIORef s r e f s {

s In s tance = Map. i n s e r t ( sNextId s ) i n s ( s In s tance s ) ,
125 sObject = Map. i n s e r t ( sNextId s ) pd ( sObject s ) ,

sNextId = ( sNextId s ) + 1}
re turn pd

−> do return nu l lPt r
| otherw i s e = do return nu l lPt r

130

f r e e : : IORef State −> HsExt . FreeMethod
f r e e s r e f pd = do

s <− readIORef s r e f
i n s I d <− l i b h s e x t f r e e pd

135 writeIORef s r e f s {
sObject = Map. d e l e t e i n s I d ( sObject s ) ,
s In s t ance = Map. d e l e t e i n s Id ( s In s tance s ) }

i n l e t : : IORef State −> InletMethod
140 i n l e t s r e f i n s I d n s e l argc argv = do

s <− readIORef s r e f
case (Map. lookup in s Id ( s In s tance s ) ) o f

Nothing −> do
putStrLn ” hsext . i n l e t : can ’ t f i nd in s t ance ”

145 Just i n s −> do
msg <− peekArray ( f r omInteg ra l argc ) argv
( iMethod in s ) ( ou t l e t s r e f i n s I d ) n s e l msg

ou t l e t : : IORef State −> InstanceID −> Outlet
150 ou t l e t s r e f i n s I d n s e l msg = do

s <− readIORef s r e f

52



hsext hsext/libhsext.c

case (Map. lookup in s Id ( sObject s ) ) o f
Nothing −> do

putStrLn ” hsext . o u t l e t : can ’ t f i nd ob j e c t ”
155 Just pd −> do

withArrayLen msg (\ argc argv −>
l i b h s e x t o u t l e t pd n s e l ( f r omInteg ra l argc ) argv )

−− TODO: use Pd ’ s path
160 l oade r : : IORef State −> Ptr Symbol −> IO (Maybe Creator )

l oade r s r e f s e l = do
s <− readIORef s r e f
apipath <− getApiPath
case (Map. lookup s e l ( sCreator s ) ) o f

165 Just c −> do
return ( Just c )

Nothing −> do
f i l ename <− getSource s e l −− ”−v” in make opt ions breaks th ing s
makestatus <− make f i l ename (”−O2” : (map (”− i ” ++) apipath ) )

170 case makestatus o f
MakeFailure e −> do

putStrLn ” hsext : MakeFailure ”
mapM putStrLn e
return Nothing

175 MakeSuccess o −> do
l oad s t a tu s <− pdynload o apipath [ ] ”PureData . Creator ” ” c r e a t o r ”
case l o ad s t a tu s o f

LoadFai lure e −> do
putStrLn ” hsext : LoadFai lure ”

180 mapM putStrLn e
return Nothing

LoadSuccess c −> do
writeIORef s r e f s { sCreator = Map. i n s e r t s e l c ( sCreator s ) }
re turn ( Just c )

185 where
getApiPath = do

ps <− peekPath
return ( ps ++ (map (++ ”/ api ”) ps ) )

getSource s = do
190 name <− peekSymbol s

d i r <− a l l o caByte s 1024 (\p −> do
withCString name (\ cname −> l i b h s e x t f i n d cname 1024 p)
d <− peekCString p
return d)

195 re turn ( d i r ++ ”/” ++ name ++ ” . hs ”) −− TODO: plat form dependent

21 hsext/libhsext.c

/∗
hsext −− Haske l l ob j e c t s f o r Pd
Copyright (C) 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
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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.
∗/

20

#inc lude ” l i b h s e x t . h”

#inc lude <uni s td . h>
#inc lude <s t r i n g . h>

25

/∗ ˜˜˜˜ g l oba l v a r i a b l e s ˜˜˜˜ ∗/
s t a t i c t c l a s s ∗ l i b h s e x t i n l e t c l a s s ; /∗ proxy i n l e t c l a s s ∗/
s t a t i c t c l a s s ∗ l i b h s e x t r e c e i v e c l a s s ; /∗ proxy r e c e i v e c l a s s ∗/
s t a t i c t c l a s s ∗ l i b h s e x t c l a s s ; /∗ r e a l c l a s s ∗/

30 s t a t i c t i n l e t f ∗ l i b h s e x t i n l e t f ; /∗ i n l e t d i spa t che r ∗/
s t a t i c t r e c e i v e f ∗ l i b h s e x t r e c e i v e f ; /∗ r e c e i v e d i spa t che r ∗/

/∗ ˜˜˜˜ anything method f o r our proxy i n l e t ˜˜˜˜ ∗/
s t a t i c void l i b h s e x t i n l e t (

35 t l i b h s e x t i n l e t ∗hs i , t symbol ∗ s , i n t argc , t atom ∗argv
) {

/∗ d i spatch based on proxy i n l e t contents ∗/
( l i b h s e x t i n l e t f ) ( hs i −>h s i i d , hs i −>hsi number , s , argc , argv ) ;

}
40

/∗ ˜˜˜˜ anything method f o r our proxy r e c e i v e ˜˜˜˜ ∗/
s t a t i c void l i b h s e x t r e c e i v e (

t l i b h s e x t r e c e i v e ∗hsr , t symbol ∗ s , i n t argc , t atom ∗argv
) {

45 /∗ d i spatch based on proxy r e c e i v e contents ∗/
( l i b h s e x t r e c e i v e f ) ( hsr−>hs r id , hsr−>hsr number , s , argc , argv ) ;

}

/∗ ˜˜˜˜ s e t up C s t u f f ˜˜˜˜ ∗/
50 extern void l i b h s e x t s e t up (

t newf newf , t f r e e f f r e e f , t i n l e t f i n l e t f , t r e c e i v e f r e c e i v e f
) {

/∗ c r e a t e proxy i n l e t c l a s s ∗/
l i b h s e x t i n l e t f = i n l e t f ;

55 l i b h s e x t i n l e t c l a s s = c la s s new (
gensym(” hsext i n l e t ”) , 0 , 0 , s i z e o f ( t l i b h s e x t i n l e t ) , 0 , 0

) ;
c l a s s addanyth ing ( l i b h s e x t i n l e t c l a s s , l i b h s e x t i n l e t ) ;

60 /∗ c r e a t e proxy r e c e i v e c l a s s ∗/
l i b h s e x t r e c e i v e f = r e c e i v e f ;
l i b h s e x t r e c e i v e c l a s s = c la s s new (

gensym(” hsext r e c e i v e ”) , 0 , 0 , s i z e o f ( t l i b h s e x t r e c e i v e ) ,
CLASS NOINLET, 0

65 ) ;
c l a s s addanyth ing ( l i b h s e x t r e c e i v e c l a s s , l i b h s e x t r e c e i v e ) ;
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l i b h s e x t c l a s s = c la s s new ( /∗ c r e a t e hsext c l a s s ∗/
gensym(” hsext ”) ,

70 ( t newmethod ) newf ,
( t method ) f r e e f ,
s i z e o f ( t l i b h s e x t ) ,
CLASS NOINLET, /∗ i n l e t s de f in ed on a per− i n s t ance ba s i s ∗/
A GIMME, /∗ the raw unadul terated truth ∗/

75 0
) ;

}

/∗ ˜˜˜˜ cons t ruc to r ˜˜˜˜ ∗/
80 extern t l i b h s e x t ∗ l i bhsext new (

i n t id , i n t i n l e t s , i n t ou t l e t s , i n t r e c e i v e s , t symbol ∗∗ rece ivenames
) {

t l i b h s e x t ∗hs = NULL;
i n t i , o ;

85 hs = ( t l i b h s e x t ∗) pd new ( l i b h s e x t c l a s s ) ;
i f ( ! hs ) goto bork ;
hs−>h s i d = id ;
hs−>h s i n l e t c oun t = i n l e t s ;
hs−>hs r e c e i v e c oun t = r e c e i v e s ;

90 hs−>hs ou t l e t c oun t = ou t l e t s ;
hs−>h s i n l e t s = NULL; /∗ l e s t we bork ∗/
hs−>h s r e c e i v e s = NULL; /∗ l e s t we bork ∗/
hs−>h s o u t l e t s = NULL; /∗ l e s t we bork ∗/

95 /∗ c r e a t e proxy i n l e t s ∗/
i f ( hs−>h s i n l e t c oun t > 0) {

i f ( ! ( hs−>h s i n l e t s = ( t l i b h s e x t i n l e t ∗)
ge tbyte s ( hs−>h s i n l e t c oun t ∗ s i z e o f ( t l i b h s e x t i n l e t ) ) ) ) goto bork ;

f o r ( i = 0 ; i < hs−>h s i n l e t c oun t ; i++) {
100 hs−>h s i n l e t s [ i ] . hs i owner = l i b h s e x t i n l e t c l a s s ;

hs−>h s i n l e t s [ i ] . h s i i d = hs−>h s i d ;
hs−>h s i n l e t s [ i ] . hsi number = i ;
i f ( ! ( i n l e t new (&hs−>x obj , &hs−>h s i n l e t s [ i ] . hs i owner , 0 , 0) ) )

goto bork ;
105 }

}

/∗ c r e a t e proxy r e c e i v e s ∗/
/∗ i f ( hs−>hs r e c e i v e coun t > 0) {

110 i f ( ! ( hs−>h s r e c e i v e s = ( t l i b h s e x t r e c e i v e ∗)
ge tbyte s ( hs−>hs r e c e i v e coun t ∗ s i z e o f ( t l i b h s e x t r e c e i v e ) ) ) ) goto ⤦

Ç bork ;
f o r ( i = 0 ; i < hs−>hs r e c e i v e coun t ; i++) {

hs−>h s r e c e i v e s [ i ] . hsr owner = l i b h s e x t r e c e i v e c l a s s ;
hs−>h s r e c e i v e s [ i ] . h s r i d = hs−>h s i d ;

115 hs−>h s r e c e i v e s [ i ] . hsr number = i ;
pd bind(&hs−>x obj . ob pd , s ) ;

void pd bind ( t pd ∗x , t symbol ∗ s )

}
120 }

∗/

/∗ c r e a t e o u t l e t s ∗/
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i f ( hs−>hs ou t l e t c oun t > 0) {
125 i f ( ! ( hs−>h s o u t l e t s = ( t o u t l e t ∗∗)

ge tbyte s ( hs−>hs ou t l e t c oun t ∗ s i z e o f ( t o u t l e t ∗) ) ) ) goto bork ;
f o r ( o = 0 ; o < hs−>hs ou t l e t c oun t ; o++) {

i f ( ! ( hs−>h s o u t l e t s [ o ] = out l e t new(&hs−>x obj , 0) ) ) goto bork ;
}

130 }

re turn ( hs ) ;
bork : /∗ something went wrong ∗/

l i b h s e x t f r e e ( hs ) ;
135 hs = NULL;

re turn (NULL) ;
}

/∗ ˜˜˜˜ de s t ru c t o r ˜˜˜˜ ∗/
140 extern void l i b h s e x t f r e e ( t l i b h s e x t ∗hs ) {

i n t o ;
i f ( hs ) {

i f ( hs−>h s i n l e t s ) { /∗ don ’ t know i f the f o l l ow i ng i s s a f e ∗/
f r e e by t e s ( hs−>h s i n l e t s , hs−>h s i n l e t c oun t ∗ s i z e o f ( t l i b h s e x t i n l e t⤦

Ç ) ) ;
145 hs−>h s i n l e t s = NULL;

}
i f ( hs−>h s o u t l e t s ) { /∗ f r e e o u t l e t s ∗/

f o r ( o = 0 ; o < hs−>hs ou t l e t c oun t ; o++) {
i f ( hs−>h s o u t l e t s [ o ] ) {

150 o u t l e t f r e e ( hs−>h s o u t l e t s [ o ] ) ;
hs−>h s o u t l e t s [ o ] = NULL;

} e l s e {
break ; /∗ ou t l e t s a l l o c a t e d in order ∗/

}
155 }

f r e e by t e s ( hs−>h s ou t l e t s , hs−>hs ou t l e t c oun t ∗ s i z e o f ( t o u t l e t ∗) ) ;
hs−>h s o u t l e t s = NULL;

}
}

160 }

/∗ ˜˜˜˜ send anything to one o f our o u t l e t s ˜˜˜˜ ∗/
extern void l i b h s e x t o u t l e t (

t l i b h s e x t ∗hs , i n t o , t symbol ∗ s , i n t argc , t atom ∗argv
165 ) {

i f ( hs ) {
i f (0 <= o && o < hs−>hs ou t l e t c oun t ) {

i f ( hs−>h s o u t l e t s ) {
i f ( hs−>h s o u t l e t s [ o ] ) {

170 ou t l e t any th ing ( hs−>h s o u t l e t s [ o ] , s , argc , argv ) ;
r e turn ;

}
}

}
175 }

post (” h s ex t ou t l e t wrappe r : nu l l po in t e r somewhere along the l i n e ”) ;
}

/∗ ˜˜˜˜ he lpe r f o r f i nd i n g a . hs or . l h s f i l e in Pd ’ s path ˜˜˜˜ ∗/
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180 extern void l i b h s e x t f i n d ( const char ∗name , unsigned i n t s i z e , char ∗ r e s u l t ) {
i n t fd ;
char ∗nameresult ;
fd = open v ia path (”” , name , ” . hs ” , r e s u l t , &nameresult , s i z e , 0) ;
i f ( fd > 0) {

185 c l o s e ( fd ) ;
} e l s e {

nameresult = NULL;
s t r cpy ( r e su l t , ” . ” ) ; /∗ not found in path , l a s t r e s o r t ∗/

}
190 i f ( r e s u l t == nameresult ) {

s t r cpy ( r e su l t , ” . ” ) ; /∗ found in cur rent d i r ∗/
}

}

22 hsext/libhsext.h

/∗
hsext −− Haske l l ob j e c t s f o r Pd
Copyright (C) 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.
∗/

20

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

#inc lude <m pd . h>
25

/∗ ˜˜˜˜ each in s t ance o f hsext i s one o f the se in C−space ˜˜˜˜ ∗/
typede f s t r u c t l i b h s e x t {

t o b j e c t x ob j ; /∗ j u s t because Pd l i k e s i t t h i s way ∗/
t i n t h s i d ; /∗ passed by Haske l l −space c r e a t o r ∗/

30 t i n t h s i n l e t c oun t ; /∗ passed by Haske l l −space c r e a t o r ∗/
t i n t h s r e c e i v e coun t ; /∗ passed by Haske l l −space c r e a t o r ∗/
t i n t h s ou t l e t c oun t ; /∗ passed by Haske l l −space c r e a t o r ∗/
s t r u c t l i b h s e x t i n l e t ∗ h s i n l e t s ; /∗ we manage our i n l e t s ∗/
s t r u c t l i b h s e x t r e c e i v e ∗ h s r e c e i v e s ; /∗ we manage our r e c e i v e s ∗/

35 t o u t l e t ∗∗ h s o u t l e t s ; /∗ we manage our o u t l e t s ∗/
} t l i b h s e x t ;

/∗ ˜˜˜˜ one o f the se f o r each i n l e t o f a g iven hsext i n s t ance ˜˜˜˜ ∗/
typede f s t r u c t l i b h s e x t i n l e t {

40 t pd hs i owner ; /∗ t h i s i s s e t to a proxy c l a s s ∗/
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t i n t h s i i d ; /∗ passed by Haske l l −space c reator , == hs i d ∗/
t i n t hsi number ; /∗ 0 = le f tmost , 1 = next−from− l e f tmost , . . . ∗/

} t l i b h s e x t i n l e t ;

45 /∗ ˜˜˜˜ one o f the se f o r each r e c e i v e r o f a g iven hsext i n s t ance ˜˜˜˜ ∗/
typede f s t r u c t l i b h s e x t r e c e i v e {

t pd hsr owner ; /∗ t h i s i s s e t to a proxy c l a s s ∗/
t i n t h s r i d ; /∗ passed by Haske l l −space c reator , == hs i d ∗/
t i n t hsr number ; /∗ from the order in which names were passed ∗/

50 } t l i b h s e x t r e c e i v e ;

/∗ ˜˜˜˜ func t i on po in t e r types ˜˜˜˜ ∗/
typede f void ( t newf ) ( t symbol ∗ , int , t atom ∗) ;
typede f void ( t f r e e f ) ( t l i b h s e x t ∗) ;

55 typede f void ( t i n l e t f ) ( int , int , t symbol ∗ , int , t atom ∗) ;
typede f void ( t r e c e i v e f ) ( int , int , t symbol ∗ , int , t atom ∗) ;

/∗ ˜˜˜˜ c a l l e d from Haske l l −space ˜˜˜˜ ∗/
extern void l i b h s e x t s e t up (

60 t newf newf , t f r e e f f r e e f , t i n l e t f i n l e t f , t r e c e i v e f r e c e i v e f
) ;
extern t l i b h s e x t ∗ l i bhsext new (

i n t id , i n t i n l e t s , i n t ou t l e t s , i n t r e c e i v e s , t symbol ∗∗ rece ivenames
) ;

65 extern void l i b h s e x t f r e e ( t l i b h s e x t ∗hs ) ;
extern void l i b h s e x t o u t l e t (

t l i b h s e x t ∗hs , i n t o , t symbol ∗ s , i n t argc , t atom ∗argv
) ;
extern void l i b h s e x t f i n d ( const char ∗name , unsigned i n t s i z e , char ∗ r e s u l t ) ;

70

#end i f

23 hsext/loader.h

#i f n d e f LOADERH
#de f i n e LOADERH 1
#inc lude <m pd . h>
typede f i n t (∗ l o a d e r t ) ( t canvas ∗ , char ∗) ;

5 extern void s y s r e g i s t e r l o a d e r ( l o a d e r t l oade r ) ;
#end i f

24 hsext/LowLevel.h

/∗
hsext −− Haske l l ob j e c t s f o r Pd
Copyright (C) 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
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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.
∗/

20

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

#inc lude <m pd . h>
25

s t r u c t h sob j e c t {
t o b j e c t ob j e c t ;

} ;

30 s t r u c t h s i n l e t {
t pd proxy ;
s t r u c t h sob j e c t ∗owner ;

} ;

35 s t r u c t h s ou t l e t {
t o u t l e t ∗ ou t l e t ;

} ;

#end i f

25 hsext/LowLevel.hsc

{−# OPTIONS − f f f i #−}
−− hsext −− Haske l l ob j e c t s f o r Pd
−− Copyright (C) 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 , ⤦

Ç USA.

20

module LowLevel (
Class ,
Object ,
In letProxy ,

25 InletNumber ,
I n l e t ,
Out letStruct ,
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Outlet ,
) where

30

#inc lude ”m pd . h”
#inc lude ” s s t u f f . h”

#inc lude ”LowLevel . h”
35

data Class = Class

data Object = Object

40 type In le tProxy = Ptr Class

type InletNumber = (#type i n t )

data I n l e t = I n l e t In le tProxy ( Ptr Object ) InletNumber
45 i n s t ance Sto rab l e I n l e t where

al ignment = 1
s i z eOf = (# s i z e s t r u c t h s i n l e t )
peek i n l e t = do

proxy = (#peek s t r u c t h s i n l e t , proxy ) i n l e t
50 owner = (#peek s t r u c t h s i n l e t , owner ) i n l e t

number = (#peek s t r u c t h s i n l e t , number ) i n l e t
re turn ( I n l e t proxy owner number )

poke i n l e t ( I n l e t proxy owner number ) = do
(#poke s t r u c t h s i n l e t , proxy ) i n l e t proxy

55 (#poke s t r u c t h s i n l e t , owner ) i n l e t owner
(#poke s t r u c t h s i n l e t , number ) i n l e t number

data Out l e tSt ruct = Out l e tSt ruct

60 data Outlet = Outlet ( Ptr Out l e tSt ruct )
i n s t ance Sto rab l e Outlet where

al ignment = 1
s i z eOf = (# s i z e s t r u c t h s ou t l e t )
peek ou t l e t = do

65 ou t l e t p t r = (#peek s t r u c t hsout l e t , o u t l e t ) ou t l e t
re turn ( Outlet ou t l e t p t r )

poke ou t l e t ( Outlet ou t l e t p t r ) = do
(#poke s t r u c t hsout l e t , o u t l e t ) ou t l e t o u t l e t p t r

26 hsext/Pd.hs

−− hsext −− Haske l l ob j e c t s f o r Pd
−− Copyright (C) 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 .

60
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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 , ⤦

Ç USA.

module Pd (
20 Setup ,

PdInt ,
PdFloat ,
PdFloatArg ,
ClassFlags ,

25 AtomType ,
GimmeTerminator ,
Symbol ,
Atom(AFloat , ASymbol ) ,
Class ,

30 Object ,
NewMethodGimme ,
FreeMethod ,
ClassNewGimme ,
peekSymbol ,

35 gensym ,
peekPath ,

) where

import Fore ign . Ptr
40 import Fore ign .C. Types

import PdStructs
−− typede f s t r u c t symbol { char ∗ s name ; } t symbol ;

45 type Setup = IO ( )

type PdInt = CLong
type PdFloat = CFloat
type PdFloatArg = CFloat

50 type Clas sF lags = CInt
type AtomType = CInt
type GimmeTerminator = CInt

type Class = ( )
55 type Object = ( )

type NewMethodGimme = Ptr Symbol −> CInt −> Ptr Atom −> IO ( Ptr Object )
type FreeMethod = Ptr Object −> IO ( )
type ClassNewGimme = Ptr Symbol −> NewMethodGimme −> FreeMethod −>

60 CSize −> Clas sF lags −> AtomType −> GimmeTerminator −> IO ( Ptr Class )

27 hsext/PdStructs.hsc

{−# OPTIONS − f f f i #−}
−− hsext −− Haske l l ob j e c t s f o r Pd
−− Copyright (C) 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
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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 , ⤦

Ç USA.

20 module PdStructs (
peekSymbol ,
gensym ,
Symbol ,
Atom(AFloat , ASymbol ) ,

25 peekPath ,
) where

#inc lude ”m pd . h”
#inc lude ” s s t u f f . h”

30

import Fore ign .C. Types
import Fore ign .C. S t r ing
import Fore ign . Ptr
import Fore ign . S to rab l e

35

data PdVersion = PdVersion {
majorVersion : : Int ,
minorVersion : : Int ,
bug f ixVers ion : : Int ,

40 t e s tVe r s i on : : S t r ing }
de r i v i ng (Show , Read , Eq , Ord)

compi ledAgainst : : PdVersion
compi ledAgainst = PdVersion {

45 majorVersion = (#const PD MAJOR VERSION) ,
minorVersion = (#const PD MINOR VERSION) ,
bug f ixVers ion = (#const PD BUGFIX VERSION) ,
t e s tVe r s i on = (#con s t s t r PD TEST VERSION) }

50 maxPdString : : Int
maxPdString = (#const MAXPDSTRING)

maxPdArg : : Int
maxPdArg = (#const MAXPDARG)

55

type PdInt = (#type t i n t )
type PdFloat = (#type t f l o a t )
type PdFloatArg = (#type t f l o a t a r g )

60 data PdSymbol = PdSymbol {
sName : : Ptr CChar ,
sThing : : Ptr ( Ptr PdClass ) ,
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sNext : : Ptr PdSymbol }

65 i n s t ance Sto rab l e PdSymbol where
s i z eO f = (# s i z e s t r u c t symbol )
al ignment = 1 −− FIXME
peek sp = do

name <− (#peek s t r u c t symbol , s name ) sp
70 th ing <− (#peek s t r u c t symbol , s t h i n g ) sp

next <− (#peek s t r u c t symbol , s nex t ) sp
re turn (PdSymbol { sName = name , sThing = thing , sNext = next })

poke sp (PdSymbol { sName = name , sThing = thing , sNext = next }) = do
(#poke s t r u c t symbol , s name ) sp name

75 (#poke s t r u c t symbol , s t h i n g ) sp th ing
(#poke s t r u c t symbol , s nex t ) sp next

f o r e i g n import c c a l l ”m pd . h gensym” c gensym
80 : : CString −> IO ( Ptr PdSymbol )

gensym : : S t r ing −> IO ( Ptr PdSymbol )
gensym s = withCString s c gensym

85

type PdGStubType = (#type i n t )

stubNone : : PdGStubType
90 stubNone = (#const GP NONE)

stubGList : : PdGStubType
stubGList = (#const GP GLIST)

95 stubArray : : PdGStubType
stubArray = (#const GPARRAY)

data PdGStub = PdGStubNone { gsRefCount : : CInt }
| PdGStubGList { gsRefCount : : CInt , gsGList : : ( Ptr PdGList ) }

100 | PdGStubArray { gsRefCount : : CInt , gsArray : : ( Ptr PdArray ) }

i n s t ance Sto rab l e PdGStub where
s i z eO f = (# s i z e s t r u c t gstub )
al ignment = 1 −− FIXME

105 peek gsp = do
g l i s t <− (#peek s t r u c t gstub , gs un . g s g l i s t ) gsp
array <− (#peek s t r u c t gstub , gs un . g s a r r ay ) gsp
which <− (#peek s t r u c t gstub , gs which ) gsp
refCount <− (#peek s t r u c t gstub , g s r e f c oun t ) gsp

110 re turn ( case which o f
| stubNone −> PdGStubNone { gsRefCount = re f count })
| stubGList −> PdGStubGList { gsRefCount = re fcount , gsGList g l i s t })
| stubArray −> PdGStubArray { gsRefCount = re fcount , gsArray array }) )

poke gsp (PdGStubNone { gsRefCount = re f count }) = do
115 (#poke s t r u c t gstub , gs which ) gsp stubNone

(#poke s t r u c t gstub , g s r e f c oun t ) gsp r e f count
poke gsp (PdGStubGList { gsRefCount = re fcount , gsGList = g l i s t }) = do

(#poke s t r u c t gstub , gs un . g s g l i s t ) gsp g l i s t
(#poke s t r u c t gstub , gs which ) gsp stubGList
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120 (#poke s t r u c t gstub , g s r e f c oun t ) gsp r e f count
poke gsp (PdGStubArray { gsRefCount = re fcount , gsArray = array }) = do

(#poke s t r u c t gstub , gs un . g s a r r ay ) gsp g l i s t
(#poke s t r u c t gstub , gs which ) gsp stubArray
(#poke s t r u c t gstub , g s r e f c oun t ) gsp r e f count

125

data PdGPointer = PdGPointer

i n s t ance Sto r eab l e PdGPointer where
130 s i z eO f = (# s i z e s t r u c t gpo i n t e r )

al ignment = 1 −− FIXME
peek = e r r o r ”peek unimplemented f o r ’ s t r u c t gpo in te r ’ ( S to r eab l e ⤦

Ç PdGPointer ) ”
poke = e r r o r ”poke unimplemented f o r ’ s t r u c t gpo in te r ’ ( S to r eab l e ⤦

Ç PdGPointer ) ”

135 typede f union word
{

t f l o a t w f l o a t ;
t symbol ∗w symbol ;
t g po i n t e r ∗w gpointer ;

140 t a r r ay ∗w array ;
s t r u c t g l i s t ∗ w l i s t ;
i n t w index ;

} t word ;

145 typede f enum
{

A NULL,
A FLOAT,
A SYMBOL,

150 A POINTER,
A SEMI ,
ACOMMA,
A DEFFLOAT,
A DEFSYM,

155 A DOLLAR,
A DOLLSYM,
A GIMME,
A CANT

} t atomtype ;
160

#de f i n e ADEFSYMBOL ADEFSYM /∗ be t t e r name f o r t h i s ∗/

typede f s t r u c t atom
{

165 t atomtype a type ;
union word a w ;

} t atom ;

data Atom = AFloat CFloat
170 | ASymbol ( Ptr Symbol )

−− de r i v i ng (Eq , Show)

in s t ance Sto rab l e Atom where
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175

s i z eO f = (# s i z e s t r u c t atom )

al ignment = 1 −− FIXME

180 peek p = do
t <− ((#peek s t r u c t atom , a type ) p) : : IO CInt
case t o f

(#const A FLOAT) −> do
185 f <− (#peek s t r u c t atom , a w . w f l o a t ) p

re turn ( AFloat f )

(#const A SYMBOL) −> do
s <− (#peek s t r u c t atom , a w . w symbol ) p

190 re turn (ASymbol s )

−> e r r o r ”Atom . peek : unsupported atom type”

poke p ( AFloat f ) = do
195 (#poke s t r u c t atom , a type ) p ((# const A FLOAT) : : CInt )

(#poke s t r u c t atom , a w . w f l o a t ) p f

poke p (ASymbol s ) = do
(#poke s t r u c t atom , a type ) p ((# const A SYMBOL) : : CInt )

200 (#poke s t r u c t atom , a w . w symbol ) p s

poke = e r r o r ”Atom . poke : unsupported atom type”

205 −− typede f s t r u c t name l i s t /∗ element in a l i nked l i s t o f s to r ed s t r i n g s ∗/
−− {
−− s t r u c t name l i s t ∗ n l nex t ; /∗ next in l i s t ∗/
−− char ∗ n l s t r i n g ; /∗ the s t r i n g ∗/
−− } t name l i s t ;

210 −− extern t name l i s t ∗ sy s s ea r chpath ;

type NameList = ( )

nlNext : : Ptr NameList −> IO ( Ptr NameList )
215 nlNext p = (#peek s t r u c t namel i s t , n l n ex t ) p

nlName : : Ptr NameList −> IO ( CString )
nlName p = (#peek s t r u c t namel i s t , n l s t r i n g ) p

f o r e i g n import c c a l l ” s s t u f f . h &sys s ea r chpath ” raw searchpath
220 : : Ptr ( Ptr NameList )

peekPath : : IO [ S t r ing ]
peekPath = do

p <− peek raw searchpath
225 f p [ ]

where
f lp ps

| lp == nu l lPt r = do
return ps

230 | otherw i s e = do
nlp <− nlNext lp
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q <− nlName lp
s <− peekCString q
s s <− f nlp ps

235 re turn ( s : s s )

28 Makefile

# hsext −− Haske l l ob j e c t s f o r Pd
# Copyright (C) 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 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 .
#

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⤦

Ç .

PDSRC = $ (HOME)/ s r c /pd−0.40−2/ s r c
20

CFLAGS = − I$ (PDSRC) − I /opt/ h a s k e l l / l i b /ghc −6 .6 . 1/ in c lude − I . / bu i ld −Wall
HCFLAGS = − I$ (PDSRC) − I . / hsext
#HFLAGS = −od i r . / bu i ld −h i d i r . / bu i ld − s tubd i r . / bu i ld −Wall − f f f i
HFLAGS = − i . / ap i − i . / hsext − i . / bu i ld −od i r . / bu i ld −h i d i r . / bu i ld −Wall − f f f i

25 #

a l l : bu i ld /LowLevel . hs

n o t a l l : hsext . pd l inux
30

c l ean :
rm − f bu i ld / boots t rap . o bu i ld /HsExt . h i bu i ld /HsExt . o \

bu i ld /HsExt stub . c bu i ld /HsExt stub . h bu i ld /HsExt stub . o bu i ld / l i b h s e x t . o \
bu i ld /Pd . h i bu i ld /Pd . o bu i ld /PdStructs . h i bu i ld /PdStructs . hs bu i ld /PdStructs . o \

35 bu i ld /PureData . h i bu i ld /PureData . o examples /Pr int . h i examples /Pr int . o \
examples /Swap . h i examples /Swap . o

d i s t −c l ean :
rm − f hsext . pd l inux api /Pd . h i ap i /PureData . h i api /PdStructs . h i \

40 examples /Swap . h i examples /Swap . o examples /Pr int . h i examples /Pr int . o

#

hsext . pd l inux : bu i ld / boots t rap . o bu i ld /HsExt . o bu i ld /HsExt stub . o bu i ld /Pd . o ⤦
Ç bu i ld /PdStructs . o bu i ld / l i b h s e x t . o bu i ld /PureData . o

45 ghc $ (HFLAGS) −no−hs−main −package p lug in s −opt l −shared −o hsext .⤦
Ç pd l inux bu i ld / boots t rap . o bu i ld /HsExt . o bu i ld /HsExt stub . o bu i ld /⤦
Ç Pd . o bu i ld /PdStructs . o bu i ld / l i b h s e x t . o bu i ld /PureData . o

s t r i p hsext . pd l inux
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bu i ld /HsExt . o bu i ld /Pd . o bu i ld /PdStructs . o bu i ld /HsExt stub . h bu i ld /HsExt stub . o⤦
Ç : hsext /HsExt . hs hsext /Pd . hs api /PureData . hs hsext / l i b h s e x t . h bu i ld /⤦
Ç PdStructs . hs

ghc $ (HFLAGS) −no−hs−main −−make −c hsext /HsExt . hs
50 mv − f hsext /HsExt stub . c bu i ld /HsExt stub . c

mv − f hsext /HsExt stub . h bu i ld /HsExt stub . h
cp − f bu i ld /PureData . h i api /PureData . h i
cp − f bu i ld /PdStructs . h i ap i /PdStructs . h i
cp − f bu i ld /Pd . h i ap i /Pd . h i

55

bu i ld /PdStructs . hs : hsext /PdStructs . hsc
hsc2hs $ (HCFLAGS) −o bu i ld /PdStructs . hs hsext /PdStructs . hsc

bu i ld / l i b h s e x t . o : hsext / l i b h s e x t . c hsext / l i b h s e x t . h
60 gcc $ (CFLAGS) −c −o bu i ld / l i b h s e x t . o hsext / l i b h s e x t . c

bu i ld / boots t rap . o : hsext / boots t rap . c bu i ld /HsExt stub . h
gcc $ (CFLAGS) −c −o bu i ld / boots t rap . o hsext / boots t rap . c

65 #

bui ld /LowLevel . hs : hsext /LowLevel . hsc hsext /LowLevel . h
hsc2hs $ (HCFLAGS) −o bu i ld /LowLevel . hs hsext /LowLevel . hsc

29 README

hsext −− Haske l l ob j e c t s f o r Pd
Copyright (C) 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.

20 ˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜
˜˜˜˜ General Documentation ˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜
˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜

what works :
25 − [ hsext Swap ]

− more than one [ hsext ]
− d e l e t i n g some [ hsext ]

untested :
30 − cha in ing
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− reentrancy

make && cd examples && pd −path . . Swap−help . pd

35 Edit Make f i l e i f i t doesn ’ t work .

Tested on GNU/Linux/Gentoo x86/ athlon −xp with :

40 ghc −6 . 4 . 2
hs−plug ins −1.0− rc0
gcc −4 . 1 . 1
pd−0.39−2
(may be broken now . . . )

45

Tested on GNU/Linux/pure : dyne x86/pentium−m with :

ghc −6 . 6 . 1
hs−plug ins −darcs

50 gcc −3 . 4 . 4
pd−0.40−2
( with ha s k e l l . dyne ve r s i on 3 , works now . . . )

55 ( us ing DT TEXTREL in a shared l i b r a r y i s a huge hack and
won ’ t work with some l oade r s on some a r ch i t e c t u r e s , you have
been warned )

60 ˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜
˜˜˜˜ Contents ˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜
˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜

README −− t h i s f i l e
65 COPYING −− l e g a l

Make f i l e −− how to bu i ld

api / −− f i l e s r equ i r ed by [ hsext ] at runtime
70 bu i ld / −− p lace to s t o r e temporary f i l e s during bu i ld

examples / −− some examples
hsext / −− source code

75 ˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜
˜˜˜˜ State Semantics ˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜
˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜

˜˜˜˜ CASE 0 ˜ CONSTRUCTION ˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜
80

>−bui ld−>
new

<−rturn−<

85 ˜˜˜˜ CASE 1 ˜ SIMPLE INLET ˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜

>− i n l e t −>
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take
modify

90 put
<−rturn−<

˜˜˜˜ CASE 2a ˜ COMPLEX INLET ˜ SIMPLE ˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜

95 >− i n l e t −>
take
modify
put

>−out l e t −>
100 | s imple |

<−return−<
<−rturn−<

˜˜˜˜ CASE 2b ˜ COMPLEX INLET ˜ REENTRANT ˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜
105

>− i n l e t −>
take
modify
put ( i )

110 >−out l e t −>
| r e en t rant |

>− i n l e t −>
take
modify

115 put ( i i )
<−rturn−<

| r e en t rant |
<−return−<

choose (∗ ) one o f
120 ( i ) from scope

( i i ) from s t a t e
<−rturn−<

(∗ ) g en e r a l l y choose ( i ) f o r more o u t l e t s and ( i i ) f o r re turn
125

˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜
˜˜˜˜ Mult ip l e Receive Names ˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜
˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜

130

i r c . f r e enode . net/#dataf low 2007−03−05

( 0 3 : 4 6 : 4 1 ) ClaudiusMaximus : matju : do you have any idea on
t h i s ? http :// l i s t s . puredata . i n f o / p ipe rma i l /pd−dev /2007 −03/008534. html

135 ( i ask because you ’ ve read more o f pd ’ s source than i have ; ) )
( 0 3 : 4 8 : 2 7 ) matju : ClaudiusMaximus : pass the proxy as f i r s t
argument o f pd bind
( 0 3 : 4 9 : 0 2 ) matju : ClaudiusMaximus : proxy i n l e t s are not fake
ob j ec t s , they ’ re r e a l

140 ( 0 3 : 4 9 : 3 0 ) ClaudiusMaximus : matju : oh wow, i didn ’ t th ink i t
would be so s imple !
( 0 3 : 5 0 : 3 4 ) ClaudiusMaximus : matju : i guess i f i c r e a t e the proxy
r e c e i v e r with CLASS NOINLET, that would do what i want
( 0 3 : 5 0 : 5 6 ) matju : ClaudiusMaximus : a c t u a l l y pd con fu s e s ” ob j e c t ”
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145 as in t pd ( in the OOP sense ) , and ” ob j e c t ” in the t t e x t sense
( i n l e t t e d , out l e t t ed , canvasable )
( 0 3 : 5 1 : 2 2 ) ClaudiusMaximus : matju : i th ink that was what was
con fus ing me . . .
( 0 3 : 5 1 : 4 9 ) matju : ClaudiusMaximus : i c r e a t e the proxy with

150 CLASS PD |CLASS NOINLET
(03 : 5 2 : 5 0 ) ClaudiusMaximus : matju : ok , i ’ d have to check what
i ’m c r e a t i n g my proxy i n l e t s with at the moment , i have a
f e e l i n g i t might be j u s t 0
( 0 3 : 5 3 : 0 0 ) ClaudiusMaximus : matju : thanks : )

155

˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜˜
EOF

30 test/ffi/Bar.c

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

#inc lude ”Bar . h”
5

#i f d e f GLASGOW HASKELL
#inc lude ”Foo stub . h”
#end i f

10 #i f d e f GLASGOW HASKELL
extern void s t g i n i t F o o ( void ) ;
#end i f

i n t t e s t ( i n t argc , char ∗argv [ ] )
15 {

i n t i ;

h s i n i t (&argc , &argv ) ;
#i f d e f GLASGOW HASKELL

20 hs add root ( s t g i n i t F o o ) ;
#end i f

f o r ( i = 0 ; i < 5 ; i++) {
p r i n t f (”%d\n” , foo (2500) ) ;

25 }

h s e x i t ( ) ;
r e turn 0 ;

}

31 test/ffi/Barf.c

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

#inc lude ”Barf . h”
5

#i f d e f GLASGOW HASKELL
#inc lude ”Foof stub . h”
#end i f
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10 #i f d e f GLASGOW HASKELL
extern void s t g i n i t F o o f ( void ) ;
#end i f

i n t t e s t ( i n t argc , char ∗argv [ ] )
15 {

i n t i ;

h s i n i t (&argc , &argv ) ;
#i f d e f GLASGOW HASKELL

20 hs add root ( s t g i n i t F o o f ) ;
#end i f

f o r ( i = 0 ; i < 5 ; i++) {
p r i n t f (”%e\n” , ( double ) f o o f ( 2500 . 0 ) ) ;

25 }

h s e x i t ( ) ;
r e turn 0 ;

}

32 test/ffi/Barf.h

extern i n t t e s t ( i n t argc , char ∗argv [ ] ) ;

33 test/ffi/Bar.h

extern i n t t e s t ( i n t argc , char ∗argv [ ] ) ;

34 test/ffi/Baz.c

#inc lude ”Bar . h”

#inc lude <s t d i o . h>
#inc lude <d l f c n . h>

5

i n t main ( i n t argc , char ∗argv [ ] ) {
void ∗bar ;
i n t (∗ t e s t ) ( i n t ∗ , char ∗ ∗ [ ] ) ;

10 f p r i n t f ( s tde r r , ”Loading ’Bar . so ’ . . . ”) ;
bar = dlopen ( ” . / Bar . so ” , RTLDNOW) ;
i f ( ! bar ) {

f p r i n t f ( s tde r r , ”FAILED!\n”) ;
r e turn 1 ;

15 }
f p r i n t f ( s tde r r , ”OK!\n”) ;
f p r i n t f ( s tde r r , ”Looking up ’ t e s t ’ . . . ”) ;
t e s t = dlsym ( bar , ” t e s t ”) ;
i f ( ! t e s t ) {

20 f p r i n t f ( s tde r r , ”FAILED!\n”) ;
d l c l o s e ( bar ) ;
r e turn 2 ;

}
f p r i n t f ( s tde r r , ”OK!\n”) ;
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25 f p r i n t f ( s tde r r , ”Running ’ t e s t ’ . . . \ n”) ;
t e s t (&argc , &argv ) ;
f p r i n t f ( s tde r r , ”Test completed !\n”) ;
d l c l o s e ( bar ) ;
r e turn 0 ;

30 }

35 test/ffi/Bazf.c

#inc lude ”Barf . h”

#inc lude <s t d i o . h>
#inc lude <d l f c n . h>

5

i n t main ( i n t argc , char ∗argv [ ] ) {
void ∗bar ;
i n t (∗ t e s t ) ( i n t ∗ , char ∗ ∗ [ ] ) ;

10 f p r i n t f ( s tde r r , ”Loading ’ Barf . so ’ . . . ”) ;
bar = dlopen ( ” . / Barf . so ” , RTLDNOW) ;
i f ( ! bar ) {

f p r i n t f ( s tde r r , ”FAILED!\n”) ;
r e turn 1 ;

15 }
f p r i n t f ( s tde r r , ”OK!\n”) ;
f p r i n t f ( s tde r r , ”Looking up ’ t e s t ’ . . . ”) ;
t e s t = dlsym ( bar , ” t e s t ”) ;
i f ( ! t e s t ) {

20 f p r i n t f ( s tde r r , ”FAILED!\n”) ;
d l c l o s e ( bar ) ;
r e turn 2 ;

}
f p r i n t f ( s tde r r , ”OK!\n”) ;

25 f p r i n t f ( s tde r r , ”Running ’ t e s t ’ . . . \ n”) ;
t e s t (&argc , &argv ) ;
f p r i n t f ( s tde r r , ”Test completed !\n”) ;
d l c l o s e ( bar ) ;
r e turn 0 ;

30 }

36 test/ffi/Foof.hs

module Foof where

f o r e i g n export c c a l l f o o f : : Float −> IO Float

5 f o o f : : F loat −> IO Float
f o o f n = return ( f r omInteg ra l ( l ength ( f n) ) )

f : : F loat −> [ F loat ]
f n

10 | n<1 = [ ]
| otherwi s e = n : ( f (n−1) )

37 test/ffi/Foo.hs
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module Foo where

f o r e i g n export c c a l l f oo : : Int −> IO Int

5 f oo : : Int −> IO Int
foo n = return ( l ength ( f n ) )

f : : Int −> [ Int ]
f 0 = [ ]

10 f n = n : ( f (n−1) )

38 test/ffi/Makefile

a l l : Baz Bar . so Bazf Barf . so

c l ean :
rm − f Baz Bar . so Bar . o Foo . o Foo stub . o Foo stub . c Foo stub . h Foo . h i

5 rm − f Bazf Barf . so Barf . o Foof . o Foof s tub . o Foof s tub . c Foof s tub . h ⤦
Ç Foof . h i

Baz : Baz . c Bar . h
gcc −o Baz Baz . c − l d l

10

Bar . so : Bar . o Foo . o Foo stub . o
gcc −shared −o Bar . so −DDONTWANTWIN32 DLL SUPPORT Bar . o Foo . o Foo stub⤦

Ç . o \
−L/usr / l i b /ghc −6 . 4 . 2 − lHShaske l l 98 − lHSbase − lHSbase cb i t s − lHSrts −lm −lgmp −⤦

Ç l d l −u GHCz iBase I zh s ta t i c i n f o −u GHCziBase Czh stat i c in fo −u ⤦
Ç GHCziF loa t Fzh s ta t i c in fo −u GHCziF loat Dzh stat i c in fo −u ⤦
Ç GHCz iPt r Pt r s t a t i c i n f o −u GHCziWord Wzh static info −u ⤦
Ç GHCz i I n t I 8 zh s t a t i c i n f o −u GHCz i In t I 16 zh s t a t i c i n f o −u ⤦
Ç GHCz i In t I 32 zh s t a t i c i n f o −u GHCz i In t I 64 zh s t a t i c i n f o −u ⤦
Ç GHCziWord W8zh static info −u GHCziWord W16zh static info −u ⤦
Ç GHCziWord W32zh static info −u GHCziWord W64zh static info −u ⤦
Ç GHCz iS tab l e S t ab l eP t r s t a t i c i n f o −u GHCziBase Izh con info −u ⤦
Ç GHCziBase Czh con info −u GHCziFloat Fzh con info −u ⤦
Ç GHCziFloat Dzh con info −u GHCziPtr Ptr con info −u ⤦
Ç GHCziPtr FunPtr con info −u GHCziStab le Stab lePtr con in fo −u ⤦
Ç GHCziBase False c losure −u GHCziBase True closure −u ⤦
Ç GHCziPack unpackCString closure −u GHCziIOBase stackOverf low closure −u ⤦
Ç GHCziIOBase heapOverf low closure −u GHCziIOBase NonTermination closure −u ⤦
Ç GHCziIOBase BlockedOnDeadMVar closure −u ⤦
Ç GHCzi IOBase BlockedInde f in i t e ly c lo sure −u GHCziIOBase Deadlock closure −u⤦
Ç GHCziIOBase NestedAtomical ly closure −u ⤦
Ç GHCziWeak runFinal izzerBatch closure −u s t g i n i t P r e l u d e

15 Bar . o : Bar . c Bar . h Foo stub . h
gcc − I / usr / l i b /ghc −6 .4 . 2/ in c lude −D GLASGOW HASKELL −c Bar . c

Foo . o Foo stub . o Foo stub . h : Foo . hs
ghc − f f f i −o Foo . o −c Foo . hs

20

Bazf : Bazf . c Barf . h
gcc −o Bazf Bazf . c − l d l
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25 Barf . so : Barf . o Foof . o Foof s tub . o
gcc −shared −o Barf . so −DDONTWANTWIN32 DLL SUPPORT Barf . o Foof . o ⤦

Ç Foof stub . o \
−L/usr / l i b /ghc −6 . 4 . 2 − lHShaske l l 98 − lHSbase − lHSbase cb i t s − lHSrts −lm −lgmp −⤦

Ç l d l −u GHCz iBase I zh s ta t i c i n f o −u GHCziBase Czh stat i c in fo −u ⤦
Ç GHCziF loa t Fzh s ta t i c in fo −u GHCziF loat Dzh stat i c in fo −u ⤦
Ç GHCz iPt r Pt r s t a t i c i n f o −u GHCziWord Wzh static info −u ⤦
Ç GHCz i I n t I 8 zh s t a t i c i n f o −u GHCz i In t I 16 zh s t a t i c i n f o −u ⤦
Ç GHCz i In t I 32 zh s t a t i c i n f o −u GHCz i In t I 64 zh s t a t i c i n f o −u ⤦
Ç GHCziWord W8zh static info −u GHCziWord W16zh static info −u ⤦
Ç GHCziWord W32zh static info −u GHCziWord W64zh static info −u ⤦
Ç GHCz iS tab l e S t ab l eP t r s t a t i c i n f o −u GHCziBase Izh con info −u ⤦
Ç GHCziBase Czh con info −u GHCziFloat Fzh con info −u ⤦
Ç GHCziFloat Dzh con info −u GHCziPtr Ptr con info −u ⤦
Ç GHCziPtr FunPtr con info −u GHCziStab le Stab lePtr con in fo −u ⤦
Ç GHCziBase False c losure −u GHCziBase True closure −u ⤦
Ç GHCziPack unpackCString closure −u GHCziIOBase stackOverf low closure −u ⤦
Ç GHCziIOBase heapOverf low closure −u GHCziIOBase NonTermination closure −u ⤦
Ç GHCziIOBase BlockedOnDeadMVar closure −u ⤦
Ç GHCzi IOBase BlockedInde f in i t e ly c lo sure −u GHCziIOBase Deadlock closure −u⤦
Ç GHCziIOBase NestedAtomical ly closure −u ⤦
Ç GHCziWeak runFinal izzerBatch closure −u s t g i n i t P r e l u d e

Barf . o : Barf . c Barf . h Foof s tub . h
30 gcc − I / usr / l i b /ghc −6 .4 . 2/ in c lude −D GLASGOW HASKELL −c Barf . c

Foof . o Foof s tub . o Foof s tub . h : Foof . hs
ghc − f f f i −o Foof . o −c Foof . hs

39 test/PluginTest.hs

import System . Plug ins
import PureData

s r c = ” . . / examples /Example1 . hs”
5 apipath = ” . . / api ”

main = do s ta tu s <− make s r c [”− i”++apipath ]
case s t a tu s o f

MakeSuccess −> f
10 MakeFailure e −> mapM putStrLn e

where f = do v <− pdynload ” . . / examples /Example1 . o” [ apipath ] [ ] ”PureData .⤦
Ç Class ” ” setup ”

case v o f
LoadSuccess a −> putStrLn ” loaded . . yay ! ”

15 −> putStrLn ”wrong types ”

40 test/TypeableTest.hs

{−# OPTIONS GHC − fg lasgow −ext s #−}

module TypeableTest ( Foo ( FooFloat , FooStr ing ) ) where

5 import Data . Typeable
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hsext test/TypeableTestUser.hs

data Foo = FooFloat Float | FooStr ing St r ing
de r i v i ng (Read , Show , Eq , Typeable )

41 test/TypeableTestUser.hs

module TypeableTestUser ( main ) where

import Data . Typeable
import TypeableTest

5

main = pr in t . show $ typeOf ( FooFloat 1 . 4 )
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