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1 BSD3.md

Copyright ( c ) 2011−2018 , Claude Heiland −Allen

Al l r i g h t s r e s e rved .

5 R e d i s t r i b u t i o n and use in source and binary forms , with or without
mod i f i ca t i on , are permitted provided that the f o l l o w i n g c o n d i t i o n s are met :

∗ R e d i s t r i b u t i o n s o f source code must r e t a i n the above copyr ight
not i ce , t h i s l i s t o f c o n d i t i o n s and the f o l l o w i n g d i s c l a i m e r .

10

∗ R e d i s t r i b u t i o n s in binary form must reproduce the above
copyr ight not i ce , t h i s l i s t o f c o n d i t i o n s and the f o l l o w i n g
d i s c l a i m e r in the documentation and/ or other m a t e r i a l s provided
with the d i s t r i b u t i o n .

15

∗ Neither the name o f Claude Heiland −Allen nor the names o f other
c o n t r i b u t o r s may be used to endorse or promote products der ived
from t h i s so f tware without s p e c i f i c p r i o r wr i t t en permis s ion .

20 THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
”AS IS ” AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,

25 SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES ; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY , WHETHER IN CONTRACT, STRICT LIABILITY , OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE

30 OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

2 CC-BY-SA.md

## c r e a t i v e commons

# Attr ibut ion −ShareAl ike 4 .0 I n t e r n a t i o n a l

5 Creat ive Commons Corporat ion (” Creat ive Commons”) i s not a law f i rm and does not⤦
Ç prov ide l e g a l s e r v i c e s or l e g a l adv ice . D i s t r i b u t i o n o f Creat ive Commons ⤦
Ç pub l i c l i c e n s e s does not c r e a t e a lawyer − c l i e n t or other r e l a t i o n s h i p . ⤦
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Ç Creat ive Commons makes i t s l i c e n s e s and r e l a t e d in fo rmat ion a v a i l a b l e on ⤦
Ç an ”as− i s ” b a s i s . Creat ive Commons g i v e s no war rant i e s r egard ing i t s ⤦
Ç l i c e n s e s , any mate r i a l l i c e n s e d under t h e i r terms and cond i t i ons , or any ⤦
Ç r e l a t e d in fo rmat ion . Creat ive Commons d i s c l a i m s a l l l i a b i l i t y f o r damages ⤦
Ç r e s u l t i n g from t h e i r use to the f u l l e s t extent p o s s i b l e .

### Using Creat ive Commons Publ ic L i c en s e s

Creat ive Commons pub l i c l i c e n s e s prov ide a standard s e t o f terms and c o n d i t i o n s ⤦
Ç that c r e a t o r s and other r i g h t s ho lde r s may use to share o r i g i n a l works o f ⤦
Ç authorsh ip and other mate r i a l su b j e c t to copyr ight and c e r t a i n other ⤦
Ç r i g h t s s p e c i f i e d in the pub l i c l i c e n s e below . The f o l l o w i n g c o n s i d e r a t i o n s⤦
Ç are f o r i n f o rmat i ona l purposes only , are not exhaust ive , and do not form ⤦

Ç part o f our l i c e n s e s .
10

∗ C o n s i d e r a t i o n s f o r l i c e n s o r s : Our pub l i c l i c e n s e s are intended f o r use by ⤦
Ç those author i zed to g ive the pub l i c permis s ion to use mate r i a l in ways ⤦
Ç otherw i s e r e s t r i c t e d by copyr ight and c e r t a i n other r i g h t s . Our l i c e n s e s ⤦
Ç are i r r e v o c a b l e . L i c en so r s should read and understand the terms and ⤦
Ç c o n d i t i o n s o f the l i c e n s e they choose be f o r e apply ing i t . L i c en so r s should⤦
Ç a l s o s ecure a l l r i g h t s nece s sa ry be f o r e apply ing our l i c e n s e s so that the⤦
Ç pub l i c can reuse the mate r i a l as expected . L i c en so r s should c l e a r l y mark ⤦
Ç any mate r i a l not s u b j e c t to the l i c e n s e . This i n c l u d e s other CC− l i c e n s e d ⤦

Ç mater ia l , or mate r i a l used under an except ion or l i m i t a t i o n to copyr ight . ⤦
Ç [ More c o n s i d e r a t i o n s f o r l i c e n s o r s ] ( http :// wik i . creativecommons . org /⤦
Ç C o n s i d e r a t i o n s f o r l i c e n s o r s a n d l i c e n s e e s#C o n s i d e r a t i o n s f o r l i c e n s o r s ) .

∗ C o n s i d e r a t i o n s f o r the pub l i c : By us ing one o f our pub l i c l i c e n s e s , a ⤦
Ç l i c e n s o r grants the pub l i c permis s ion to use the l i c e n s e d mate r i a l under ⤦
Ç s p e c i f i e d terms and c o n d i t i o n s . I f the l i c e n s o r ’ s permis s ion i s not ⤦
Ç nece s sa ry f o r any reason −− f o r example , because o f any a p p l i c a b l e except ion⤦
Ç or l i m i t a t i o n to copyr ight −−then that use i s not r egu l a t ed by the l i c e n s e⤦
Ç . Our l i c e n s e s grant only pe rmi s s i ons under copyr ight and c e r t a i n other ⤦
Ç r i g h t s that a l i c e n s o r has author i ty to grant . Use o f the l i c e n s e d ⤦

Ç mate r i a l may s t i l l be r e s t r i c t e d f o r other reasons , i n c l u d i n g because ⤦
Ç othe r s have copyr ight or other r i g h t s in the mate r i a l . A l i c e n s o r may make⤦
Ç s p e c i a l r eques t s , such as ask ing that a l l changes be marked or de s c r ibed .⤦
Ç Although not r equ i r ed by our l i c e n s e s , you are encouraged to r e s p e c t ⤦
Ç those r e q u e s t s where r ea sonab l e . [ More c o n s i d e r a t i o n s f o r the pub l i c ] ( http⤦
Ç : // wik i . creativecommons . org / C o n s i d e r a t i o n s f o r l i c e n s o r s a n d l i c e n s e e s#⤦
Ç C o n s i d e r a t i o n s f o r l i c e n s e e s ) .

15 ## Creat ive Commons Attr ibut ion −ShareAl ike 4 .0 I n t e r n a t i o n a l Publ ic L i cense

By e x e r c i s i n g the Licensed Rights ( de f i ned below ) , You accept and agree to be ⤦
Ç bound by the terms and c o n d i t i o n s o f t h i s Creat ive Commons Attr ibut ion −⤦
Ç ShareAl ike 4 .0 I n t e r n a t i o n a l Publ ic L i cense (” Publ ic L i cense ”) . To the ⤦
Ç extent t h i s Publ ic L i cense may be i n t e r p r e t e d as a contract , You are ⤦
Ç granted the Licensed Rights in c o n s i d e r a t i o n o f Your acceptance o f the se ⤦
Ç terms and cond i t i ons , and the L i censo r grants You such r i g h t s in ⤦
Ç c o n s i d e r a t i o n o f b e n e f i t s the L i censo r r e c e i v e s from making the Licensed ⤦
Ç Mater ia l a v a i l a b l e under the se terms and c o n d i t i o n s .

### Sect ion 1 −− D e f i n i t i o n s .
20

a . Adapted M a t e r i a l means mate r i a l s ub j e c t to Copyright and S im i l a r Rights ⤦
Ç that i s der ived from or based upon the Licensed Mater ia l and in which the ⤦
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Ç Licensed Mater ia l i s t r an s l a t ed , a l t e r ed , arranged , transformed , or ⤦
Ç otherw i s e modi f i ed in a manner r e q u i r i n g permis s ion under the Copyright ⤦
Ç and S im i l a r Rights he ld by the L i censor . For purposes o f t h i s Publ ic ⤦
Ç License , where the Licensed Mater ia l i s a musica l work , performance , or ⤦
Ç sound record ing , Adapted Mater ia l i s always produced where the Licensed ⤦
Ç Mater ia l i s synched in timed r e l a t i o n with a moving image .

b . Adapter ’ s L i c e n s e means the l i c e n s e You apply to Your Copyright and ⤦
Ç S im i l a r Rights in Your c o n t r i b u t i o n s to Adapted Mater ia l in accordance ⤦
Ç with the terms and c o n d i t i o n s o f t h i s Publ ic L i cense .

25 c . BY−SA Compatible L i c e n s e means a l i c e n s e l i s t e d at [ creativecommons . org /⤦
Ç c o m p a t i b l e l i c e n s e s ] ( http :// creativecommons . org / c o m p a t i b l e l i c e n s e s ) , ⤦
Ç approved by Creat ive Commons as e s s e n t i a l l y the equ iva l en t o f t h i s Publ ic ⤦
Ç License .

d . Copyr ight and S im i l a r R igh t s means copyr ight and/ or s i m i l a r r i g h t s ⤦
Ç c l o s e l y r e l a t e d to copyr ight inc lud ing , without l i m i t a t i o n , performance , ⤦
Ç broadcast , sound record ing , and Sui Gener is Database Rights , without ⤦
Ç regard to how the r i g h t s are l a b e l e d or c a t e g o r i z e d . For purposes o f t h i s ⤦
Ç Publ ic License , the r i g h t s s p e c i f i e d in Sec t i on 2(b) (1 ) −(2) are not ⤦
Ç Copyright and S im i l a r Rights .

e . E f f e c t i v e Techno log i ca l Measures means those measures that , in the ⤦
Ç absence o f proper author i ty , may not be circumvented under laws f u l f i l l i n g⤦
Ç o b l i g a t i o n s under A r t i c l e 11 o f the WIPO Copyright Treaty adopted on ⤦
Ç December 20 , 1996 , and/ or s i m i l a r i n t e r n a t i o n a l agreements .

30

f . Except i ons and L i m i t a t i o n s means f a i r use , f a i r dea l ing , and/ or any other⤦
Ç except ion or l i m i t a t i o n to Copyright and S im i l a r Rights that a p p l i e s to ⤦
Ç Your use o f the Licensed Mater ia l .

g . L i c e n s e Elements means the l i c e n s e a t t r i b u t e s l i s t e d in the name o f a ⤦
Ç Creat ive Commons Publ ic L i cense . The L icense Elements o f t h i s Publ ic ⤦
Ç License are Att r ibut i on and ShareAl ike .

35 h . L i c e n s e d M a t e r i a l means the a r t i s t i c or l i t e r a r y work , database , or other⤦
Ç mate r i a l to which the L i censor app l i ed t h i s Publ ic L i cense .

i . L i c e n s e d R igh t s means the r i g h t s granted to You s u b j e c t to the terms and ⤦
Ç c o n d i t i o n s o f t h i s Publ ic License , which are l i m i t e d to a l l Copyright and ⤦
Ç S im i l a r Rights that apply to Your use o f the Licensed Mater ia l and that ⤦
Ç the L i censor has author i ty to l i c e n s e .

j . L i c e n s o r means the i n d i v i d u a l ( s ) or e n t i t y ( i e s ) grant ing r i g h t s under ⤦
Ç t h i s Publ ic L i cense .

40

k . S h a r e means to prov ide mate r i a l to the pub l i c by any means or p roce s s ⤦
Ç that r e q u i r e s permis s ion under the Licensed Rights , such as reproduct ion , ⤦
Ç pub l i c d i sp lay , pub l i c performance , d i s t r i b u t i o n , d i s seminat ion , ⤦
Ç communication , or importat ion , and to make mate r i a l a v a i l a b l e to the ⤦
Ç pub l i c i n c l u d i n g in ways that members o f the pub l i c may a c c e s s the ⤦
Ç mate r i a l from a p lace and at a time i n d i v i d u a l l y chosen by them .

l . S u i Gener i s Database R igh t s means r i g h t s other than copyr ight r e s u l t i n g ⤦
Ç from D i r e c t i v e 96/9/EC of the European Parl iament and o f the Counci l o f 11⤦
Ç March 1996 on the l e g a l p r o t e c t i o n o f databases , as amended and/ or ⤦
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Ç succeeded , as we l l as other e s s e n t i a l l y equ iva l en t r i g h t s anywhere in the ⤦
Ç world .

45 m. You means the i n d i v i d u a l or e n t i t y e x e r c i s i n g the Licensed Rights under ⤦
Ç t h i s Publ ic L i cense . Your has a corre spond ing meaning .

### Sect ion 2 −− Scope .

a . L i c e n s e grant .
50

1 . Subject to the terms and c o n d i t i o n s o f t h i s Publ ic License , the L i censo r ⤦
Ç hereby grants You a worldwide , roya l ty − f r e e , non− s u b l i c e n s a b l e , non−⤦
Ç exc lu s i v e , i r r e v o c a b l e l i c e n s e to e x e r c i s e the Licensed Rights in the ⤦
Ç Licensed Mater ia l to :

A. reproduce and Share the Licensed Mater ia l , in whole or in part ; and

55 B. produce , reproduce , and Share Adapted Mater ia l .

2 . Except i ons and L imi ta t i ons . For the avoidance o f doubt , where ⤦
Ç Except ions and L imi ta t i ons apply to Your use , t h i s Publ ic L i cense does ⤦
Ç not apply , and You do not need to comply with i t s terms and c o n d i t i o n s .

3 . Term . The term o f t h i s Publ ic L i cense i s s p e c i f i e d in Sec t i on 6( a ) .
60

4 . Media and formats ; t e c h n i c a l m o d i f i c a t i o n s a l lowed . The L icensor ⤦
Ç a u t h o r i z e s You to e x e r c i s e the Licensed Rights in a l l media and formats⤦
Ç whether now known or h e r e a f t e r created , and to make t e c h n i c a l ⤦
Ç m o d i f i c a t i o n s nece s sa ry to do so . The L icenso r waives and/ or ag ree s not⤦
Ç to a s s e r t any r i g h t or author i ty to f o r b i d You from making t e c h n i c a l ⤦
Ç m o d i f i c a t i o n s nece s sa ry to e x e r c i s e the Licensed Rights , i n c l u d i n g ⤦
Ç t e c h n i c a l m o d i f i c a t i o n s nece s sa ry to circumvent E f f e c t i v e Techno log i ca l⤦
Ç Measures . For purposes o f t h i s Publ ic License , s imply making ⤦
Ç m o d i f i c a t i o n s author i zed by t h i s Sec t i on 2( a ) (4 ) never produces Adapted⤦
Ç Mater ia l .

5 . Downstream r e c i p i e n t s .

65 A. O f f e r from the L i censo r −− Licensed Mater ia l . Every r e c i p i e n t o f ⤦
Ç the Licensed Mater ia l automat i ca l l y r e c e i v e s an o f f e r from the ⤦
Ç Licensor to e x e r c i s e the Licensed Rights under the terms and ⤦
Ç c o n d i t i o n s o f t h i s Publ ic L i cense .

B. A d d i t i o n a l o f f e r from the L i censor −− Adapted Mater ia l . Every ⤦
Ç r e c i p i e n t o f Adapted Mater ia l from You automat i ca l l y r e c e i v e s an ⤦
Ç o f f e r from the L i censor to e x e r c i s e the Licensed Rights in the ⤦
Ç Adapted Mater ia l under the c o n d i t i o n s o f the Adapter ’ s L i cense You ⤦
Ç apply .

C. No downstream r e s t r i c t i o n s . You may not o f f e r or impose any ⤦
Ç a d d i t i o n a l or d i f f e r e n t terms or c o n d i t i o n s on , or apply any ⤦
Ç E f f e c t i v e Techno log i ca l Measures to , the Licensed Mater ia l i f doing⤦
Ç so r e s t r i c t s e x e r c i s e o f the Licensed Rights by any r e c i p i e n t o f ⤦
Ç the Licensed Mater ia l .

70

6 . No endorsement . Nothing in t h i s Publ ic L i cense c o n s t i t u t e s or may be ⤦
Ç construed as permis s ion to a s s e r t or imply that You are , or that Your ⤦

6
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Ç use o f the Licensed Mater ia l i s , connected with , or sponsored , endorsed⤦
Ç , or granted o f f i c i a l s t a t u s by , the L i censor or o the r s des ignated to ⤦
Ç r e c e i v e a t t r i b u t i o n as provided in Sec t i on 3( a ) (1 ) (A) ( i ) .

b . Other r i g h t s .

75 1 . Moral r i gh t s , such as the r i g h t o f i n t e g r i t y , are not l i c e n s e d under t h i s ⤦
Ç Publ ic License , nor are p u b l i c i t y , pr ivacy , and/ or other s i m i l a r ⤦
Ç p e r s o n a l i t y r i g h t s ; however , to the extent p o s s i b l e , the L i censor ⤦
Ç waives and/ or ag ree s not to a s s e r t any such r i g h t s he ld by the L i censo r⤦
Ç to the l i m i t e d extent nece s sa ry to a l low You to e x e r c i s e the Licensed ⤦
Ç Rights , but not otherw i se .

2 . Patent and trademark r i g h t s are not l i c e n s e d under t h i s Publ ic L i cense .

3 . To the extent p o s s i b l e , the L i censor waives any r i g h t to c o l l e c t r o y a l t i e s⤦
Ç from You f o r the e x e r c i s e o f the Licensed Rights , whether d i r e c t l y or ⤦
Ç through a c o l l e c t i n g s o c i e t y under any voluntary or waivable s t a tu to ry ⤦
Ç or compulsory l i c e n s i n g scheme . In a l l other ca s e s the L i censor ⤦
Ç e x p r e s s l y r e s e r v e s any r i g h t to c o l l e c t such r o y a l t i e s .

80

### Sect ion 3 −− License Condit ions .

Your e x e r c i s e o f the Licensed Rights i s e x p r e s s l y made s u b j e c t to the f o l l o w i n g ⤦
Ç c o n d i t i o n s .

85 a . A t t r i b u t i o n .

1 . I f You Share the Licensed Mater ia l ( i n c l u d i n g in modi f i ed form ) , You must :

A. r e t a i n the f o l l o w i n g i f i t i s supp l i ed by the L i censor with the ⤦
Ç Licensed Mater ia l :

90

i . i d e n t i f i c a t i o n o f the c r e a t o r ( s ) o f the Licensed Mater ia l and any ⤦
Ç othe r s des ignated to r e c e i v e a t t r i b u t i o n , in any reasonab l e ⤦
Ç manner reques ted by the L i censor ( i n c l u d i n g by pseudonym i f ⤦
Ç des ignated ) ;

i i . a copyr ight n o t i c e ;

95 i i i . a n o t i c e that r e f e r s to t h i s Publ ic L i cense ;

i v . a n o t i c e that r e f e r s to the d i s c l a i m e r o f war rant i e s ;

v . a URI or hyper l ink to the Licensed Mater ia l to the extent reasonab ly⤦
Ç p r a c t i c a b l e ;

100

B. i n d i c a t e i f You modi f i ed the Licensed Mater ia l and r e t a i n an ⤦
Ç i n d i c a t i o n o f any prev ious m o d i f i c a t i o n s ; and

C. i n d i c a t e the Licensed Mater ia l i s l i c e n s e d under t h i s Publ ic License , ⤦
Ç and inc lude the text of , or the URI or hyper l ink to , t h i s Publ ic ⤦
Ç License .

105 2 . You may s a t i s f y the c o n d i t i o n s in Sec t i on 3( a ) (1 ) in any reasonab l e manner⤦
Ç based on the medium , means , and context in which You Share the ⤦
Ç Licensed Mater ia l . For example , i t may be rea sonab l e to s a t i s f y the ⤦

7
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Ç c o n d i t i o n s by prov id ing a URI or hyper l ink to a r e sou r c e that i n c l u d e s ⤦
Ç the r equ i r ed in fo rmat ion .

3 . I f r eques ted by the Licensor , You must remove any o f the in fo rmat ion ⤦
Ç r equ i r ed by Sec t i on 3( a ) (1 ) (A) to the extent reasonab ly p r a c t i c a b l e .

b . S h a r e A l i k e .
110

In add i t i on to the c o n d i t i o n s in Sec t i on 3( a ) , i f You Share Adapted Mater ia l You⤦
Ç produce , the f o l l o w i n g c o n d i t i o n s a l s o apply .

1 . The Adapter ’ s L i cense You apply must be a Creat ive Commons l i c e n s e with the ⤦
Ç same License Elements , t h i s v e r s i on or l a t e r , or a BY−SA Compatible ⤦
Ç License .

115 2 . You must in c lude the text of , or the URI or hyper l ink to , the Adapter ’ s ⤦
Ç License You apply . You may s a t i s f y t h i s cond i t i on in any reasonab l e manner⤦
Ç based on the medium , means , and context in which You Share Adapted ⤦
Ç Mater ia l .

3 . You may not o f f e r or impose any a d d i t i o n a l or d i f f e r e n t terms or c o n d i t i o n s ⤦
Ç on , or apply any E f f e c t i v e Techno log i ca l Measures to , Adapted Mater ia l ⤦
Ç that r e s t r i c t e x e r c i s e o f the r i g h t s granted under the Adapter ’ s L i cense ⤦
Ç You apply .

### Sect ion 4 −− Sui Gener i s Database Rights .
120

Where the Licensed Rights i n c lude Sui Gener is Database Rights that apply to Your⤦
Ç use o f the Licensed Mater ia l :

a . f o r the avoidance o f doubt , Sec t i on 2( a ) (1 ) grants You the r i g h t to extract , ⤦
Ç reuse , reproduce , and Share a l l or a s u b s t a n t i a l por t i on o f the contents ⤦
Ç o f the database ;

125 b . i f You inc lude a l l or a s u b s t a n t i a l por t i on o f the database contents in a ⤦
Ç database in which You have Sui Gener i s Database Rights , then the database ⤦
Ç in which You have Sui Gener i s Database Rights ( but not i t s i n d i v i d u a l ⤦
Ç contents ) i s Adapted Mater ia l , i n c l u d i n g f o r purposes o f Sec t i on 3(b) ; and

c . You must comply with the c o n d i t i o n s in Sec t i on 3( a ) i f You Share a l l or a ⤦
Ç s u b s t a n t i a l por t i on o f the contents o f the database .

For the avoidance o f doubt , t h i s Sec t i on 4 supplements and does not r e p l a c e Your⤦
Ç o b l i g a t i o n s under t h i s Publ ic L i cense where the Licensed Rights in c lude ⤦
Ç other Copyright and S im i l a r Rights .

130

### Sect ion 5 −− Disc la imer o f Warranties and Limitat ion o f L i a b i l i t y .

a . U n l e s s o therwi se s e p a r a t e l y undertaken by the Licensor , to the extent ⤦
Ç p o s s i b l e , the L i censor o f f e r s the Licensed Mater ia l as− i s and as−a v a i l a b l e ⤦
Ç , and makes no r e p r e s e n t a t i o n s or war rant i e s o f any kind concern ing the ⤦
Ç Licensed Mater ia l , whether express , impl ied , s tatutory , or other . This ⤦
Ç i n c ludes , without l i m i t a t i o n , war rant i e s o f t i t l e , merchantab i l i ty , ⤦
Ç f i t n e s s f o r a p a r t i c u l a r purpose , non− in f r ingement , absence o f l a t e n t or ⤦
Ç other de f e c t s , accuracy , or the presence or absence o f e r r o r s , whether or ⤦
Ç not known or d i s c o v e r a b l e . Where d i s c l a i m e r s o f war rant i e s are not a l lowed⤦
Ç in f u l l or in part , t h i s d i s c l a i m e r may not apply to You .
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135 b . To the extent p o s s i b l e , in no event w i l l the L i censor be l i a b l e to You on ⤦
Ç any l e g a l theory ( inc lud ing , without l i m i t a t i o n , n e g l i g e n c e ) or otherwi se ⤦
Ç f o r any d i r e c t , s p e c i a l , i n d i r e c t , i n c i d e n t a l , consequent ia l , pun i t ive , ⤦
Ç exemplary , or other l o s s e s , cos t s , expenses , or damages a r i s i n g out o f ⤦
Ç t h i s Publ ic L i cense or use o f the Licensed Mater ia l , even i f the L i censor ⤦
Ç has been advised o f the p o s s i b i l i t y o f such l o s s e s , cos t s , expenses , or ⤦
Ç damages . Where a l i m i t a t i o n o f l i a b i l i t y i s not a l lowed in f u l l or in part⤦
Ç , t h i s l i m i t a t i o n may not apply to You .

c . The d i s c l a i m e r o f war rant i e s and l i m i t a t i o n o f l i a b i l i t y provided above s h a l l⤦
Ç be i n t e r p r e t e d in a manner that , to the extent p o s s i b l e , most c l o s e l y ⤦

Ç approximates an abso lu t e d i s c l a i m e r and waiver o f a l l l i a b i l i t y .

### Sect i on 6 −− Term and Termination .
140

a . This Publ ic L i cense a p p l i e s f o r the term o f the Copyright and S im i l a r Rights ⤦
Ç l i c e n s e d here . However , i f You f a i l to comply with t h i s Publ ic License , ⤦
Ç then Your r i g h t s under t h i s Publ ic L i cense terminate automat i ca l l y .

b . Where Your r i g h t to use the Licensed Mater ia l has terminated under Sec t i on 6(⤦
Ç a ) , i t r e i n s t a t e s :

145 1 . automat i ca l l y as o f the date the v i o l a t i o n i s cured , provided i t i s cured ⤦
Ç with in 30 days o f Your d i s cove ry o f the v i o l a t i o n ; or

2 . upon expre s s r e in s ta tement by the L i censor .

For the avoidance o f doubt , t h i s Sec t i on 6(b) does not a f f e c t any r i g h t the ⤦
Ç Licensor may have to seek remedies f o r Your v i o l a t i o n s o f t h i s Publ ic ⤦
Ç License .

150

c . For the avoidance o f doubt , the L i censor may a l s o o f f e r the Licensed Mater ia l⤦
Ç under s epara t e terms or c o n d i t i o n s or stop d i s t r i b u t i n g the Licensed ⤦
Ç Mater ia l at any time ; however , doing so w i l l not terminate t h i s Publ ic ⤦
Ç License .

d . S e c t i on s 1 , 5 , 6 , 7 , and 8 su rv iv e te rminat ion o f t h i s Publ ic L i cense .

155 ### Sect ion 7 −− Other Terms and Condit ions .

a . The L icensor s h a l l not be bound by any a d d i t i o n a l or d i f f e r e n t terms or ⤦
Ç c o n d i t i o n s communicated by You u n l e s s e x p r e s s l y agreed .

b . Any arrangements , understandings , or agreements r egard ing the Licensed ⤦
Ç Mater ia l not s ta t ed he r e in are s epara t e from and independent o f the terms ⤦
Ç and c o n d i t i o n s o f t h i s Publ ic L i cense . t s ta t ed he re in are s epara t e from ⤦

Ç and independent o f the terms and c o n d i t i o n s o f t h i s Publ ic L i cense .
160

### Sect ion 8 −− I n t e r p r e t a t i o n .

a . For the avoidance o f doubt , t h i s Publ ic L i cense does not , and s h a l l not be ⤦
Ç i n t e r p r e t e d to , reduce , l im i t , r e s t r i c t , or impose c o n d i t i o n s on any use ⤦
Ç o f the Licensed Mater ia l that could l a w f u l l y be made without permis s ion ⤦
Ç under t h i s Publ ic L i cense .

165 b . To the extent p o s s i b l e , i f any p r o v i s i o n o f t h i s Publ ic L i cense i s deemed ⤦

9
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Ç unenforceab le , i t s h a l l be automat i ca l l y reformed to the minimum extent ⤦
Ç nece s sa ry to make i t e n f o r c e a b l e . I f the p r o v i s i o n cannot be reformed , i t ⤦
Ç s h a l l be severed from t h i s Publ ic L i cense without a f f e c t i n g the ⤦
Ç e n f o r c e a b i l i t y o f the remaining terms and c o n d i t i o n s .

c . No term or cond i t i on o f t h i s Publ ic L i cense w i l l be waived and no f a i l u r e to ⤦
Ç comply consented to u n l e s s e x p r e s s l y agreed to by the L i censor .

d . Nothing in t h i s Publ ic L i cense c o n s t i t u t e s or may be i n t e r p r e t e d as a ⤦
Ç l i m i t a t i o n upon , or waiver of , any p r i v i l e g e s and immunit ies that apply to⤦
Ç the L i censor or You , i n c l u d i n g from the l e g a l p r o c e s s e s o f any ⤦
Ç j u r i s d i c t i o n or author i ty .

170

> Creat ive Commons i s not a party to i t s pub l i c l i c e n s e s . Notwithstanding , ⤦
Ç Creat ive Commons may e l e c t to apply one o f i t s pub l i c l i c e n s e s to mate r i a l⤦
Ç i t p ub l i s h e s and in those i n s t a n c e s w i l l be cons ide r ed the ” L i censor . ” ⤦
Ç Except f o r the l i m i t e d purpose o f i n d i c a t i n g that mate r i a l i s shared under⤦
Ç a Creat ive Commons pub l i c l i c e n s e or as otherwi se permitted by the ⤦
Ç Creat ive Commons p o l i c i e s pub l i shed at [ creativecommons . org / p o l i c i e s ] ( http⤦
Ç : // creativecommons . org / p o l i c i e s ) , Creat ive Commons does not autho r i z e the ⤦
Ç use o f the trademark ” Creat ive Commons” or any other trademark or logo o f ⤦
Ç Creat ive Commons without i t s p r i o r wr i t t en consent inc lud ing , without ⤦
Ç l i m i t a t i o n , in connect ion with any unauthor ized m o d i f i c a t i o n s to any o f ⤦
Ç i t s pub l i c l i c e n s e s or any other arrangements , understandings , or ⤦
Ç agreements concern ing use o f l i c e n s e d mate r i a l . For the avoidance o f doubt⤦
Ç , t h i s paragraph does not form part o f the pub l i c l i c e n s e s .

>
> Creat ive Commons may be contacted at creativecommons . org

3 client/bela.mk

GCC ?= arm− l inux −gnueabihf −gcc −6

. . / bu i ld /go . so : go . c dsp . h dsp /∗ . h
$ (GCC) −std=c99 −Wall −pedant ic −Wextra −Wno−unused−parameter −O3 −march⤦

Ç =armv7−a −mtune=cortex −a8 −mfloat −abi=hard −mfpu=neon − f t r e e −⤦
Ç v e c t o r i z e − I . −shared −fPIC −o . . / bu i ld /go . so go . c −lm

4 client/clive-client.c

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

5 #inc lude <sys / types . h>
#inc lude <sys / wait . h>
#inc lude <uni s td . h>

#inc lude <l i nux / l i m i t s . h>
10 #inc lude <sys / i n o t i f y . h>

i n t main ( i n t argc , char ∗∗ argv ) {
// bu i ld remake command l i n e
// FIXME t h i s doesn ’ t quote or escape or otherwi s e p ro t e c t argv [ 1 ]

15 // FIXME don ’ t pass untrusted input to t h i s command !
const char ∗ templat =

10
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” g i t add go . c go . h ; ”
” g i t −−no−pager d i f f −−cached −− c o l o r ; ”
” g i t commit −uno −m \”go $ ( date −− i s o=s ) \” ; ”

20 ”make −−qu i e t − f ”
;

const char ∗ make f i l e = ” nat ive − s s e .mk” ;
i f ( argc > 1)
{

25 make f i l e = argv [ 1 ] ;
}
s i z e t bytes = s t r l e n ( templat ) + s t r l e n ( make f i l e ) + 1 ;
char ∗command = mal loc ( bytes ) ;
i f ( ! command) {

30 per ro r (” mal loc ( ) ”) ;
r e turn 1 ;

}
command [ 0 ] = 0 ;
s t r n c a t (command , templat , bytes − 1 − s t r l e n (command) ) ;

35 s t r n c a t (command , makef i l e , bytes − 1 − s t r l e n (command) ) ;
// watch f o r f i l e s y s t e m changes
i n t ino = i n o t i f y i n i t ( ) ;
i f ( ino == −1) {

per ro r (” i n o t i f y i n i t ( ) ”) ;
40 re turn 1 ;

}
i n t wd = inot i f y add watch ( ino , ” . ” , IN CLOSE WRITE) ;
i f (wd == −1) {

per ro r (” ino t i f y add watch ( ) ”) ;
45 re turn 1 ;

}
s s i z e t bu f byte s = s i z e o f ( s t r u c t i n o t i f y e v e n t ) + NAMEMAX + 1 ;
char ∗buf = mal loc ( bu f byte s ) ;
i f ( ! buf )

50 {
per ro r (” mal loc ( ) ”) ;
r e turn 1 ;

}
// recompi l e

55 i n t r e t = system (command) ;
i f ( r e t == −1 | | ! WIFEXITED( r e t ) | | WEXITSTATUS( r e t ) != 0) {

f p r i n t f ( s tde r r , ”\x1b [ 3 1 ; 1m%s : %d\x1b [ 0m\n” , ”SYSTEM ERROR” , r e t ) ;
}
// main loop

60 whi le (1 ) {
// read events ( b lock ing )
memset ( buf , 0 , bu f byte s ) ;
s s i z e t r = read ( ino , buf , bu f byte s ) ;
i f ( r == −1) {

65 per ro r (” read ( ) ”) ;
s l e e p (1 ) ;

} e l s e {
char ∗bufp = buf ;
whi l e ( bufp < buf + r )

70 {
s t r u c t i n o t i f y e v e n t ∗ev = ( s t r u c t i n o t i f y e v e n t ∗) bufp ;
bufp += s i z e o f ( s t r u c t i n o t i f y e v e n t ) + ev−> l en ;
i f ( ev−>mask & IN CLOSE WRITE) {

11
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f p r i n t f ( s tde r r , ”\x1b [ 3 2 ; 1mFILE CHANGED: ’%s ’\ x1b [ 0m\n” , ev−>name) ;
75 i f (0 == strcmp (” go . c ” , ev−>name) | | 0 == strcmp (” go . h” , ev−>name) ) {

// recompi l e
i n t r e t = system (command) ;
i f ( r e t == −1 | | ! WIFEXITED( r e t ) | | WEXITSTATUS( r e t ) != 0) {

f p r i n t f ( s tde r r , ”\x1b [ 3 1 ; 1m%s : %d\x1b [ 0m\n” , ”SYSTEM ERROR” , r e t ) ;
80 }

}
}

}
}

85 }
// never reached
c l o s e ( ino ) ;
f r e e (command) ;
r e turn 0 ;

90 }

5 client/dsp/delay.h

#i f n d e f DSP DELAY H
#d e f i n e DSP DELAY H 1

#inc lude ” func . h”
5

typede f s t r u c t { i n t length , w o f f s e t ; } DELAY;

s t a t i c i n l i n e void d e l w r i t e (DELAY ∗ del , sample x0 ) {
f l o a t ∗ b u f f e r = ( f l o a t ∗) ( de l + 1) ;

10 i n t l = del−>l ength ;
l = ( l > 0) ? l : 1 ;
i n t w = del−>w o f f s e t ;
b u f f e r [w++] = x0 ;
i f (w >= l ) { w −= l ; }

15 del−>w o f f s e t = w;
}

s t a t i c i n l i n e sample de l r ead1 (DELAY ∗ del , sample ms) {
f l o a t ∗ b u f f e r = ( f l o a t ∗) ( de l + 1) ;

20 i n t l = del−>l ength ;
l = ( l > 0) ? l : 1 ;
i n t w = del−>w o f f s e t ;
i n t d = ms / ( sample ) 1000 ∗ SR;
d = (0 < d && d < l ) ? d : 0 ;

25 i n t r = w − d ;
r = r < 0 ? r + l : r ;
r e turn b u f f e r [ r ] ;

}

30 s t a t i c i n l i n e sample de l r ead2 (DELAY ∗ del , sample ms) {
f l o a t ∗ b u f f e r = ( f l o a t ∗) ( de l + 1) ;
i n t l = del−>l ength ;
l = ( l > 0) ? l : 1 ;
i n t w = del−>w o f f s e t ;

35 sample d = ms / ( sample ) 1000 ∗ SR;
i n t d0 = f l o o r (d) ;
i n t d1 = d0 + 1 ;

12
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sample t = d − d0 ;
d0 = (0 < d0 && d0 < l ) ? d0 : 0 ;

40 d1 = (0 < d1 && d1 < l ) ? d1 : d0 ;
i n t r0 = w − d0 ;
i n t r1 = w − d1 ;
r0 = r0 < 0 ? r0 + l : r0 ;
r1 = r1 < 0 ? r1 + l : r1 ;

45 sample y0 = b u f f e r [ r0 ] ;
sample y1 = b u f f e r [ r1 ] ;
r e turn (1 − t ) ∗ y0 + t ∗ y1 ;

}

50 // https : // en . w ik iped ia . org / wik i / Cub ic Hermi te sp l ine#⤦
Ç I n t e r p o l a t i o n o n t h e u n i t i n t e r v a l w i t h o u t e x a c t d e r i v a t i v e s

s t a t i c i n l i n e sample de l r ead4 (DELAY ∗ del , sample ms) {
f l o a t ∗ b u f f e r = ( f l o a t ∗) ( de l + 1) ;
i n t l = del−>l ength ;

55 l = ( l > 0) ? l : 1 ;
i n t w = del−>w o f f s e t ;
sample d = ms / ( sample ) 1000 ∗ SR;
i n t d1 = f l o o r (d) ;
i n t d0 = d1 − 1 ;

60 i n t d2 = d1 + 1 ;
i n t d3 = d1 + 2 ;
sample t = d − d1 ;
d0 = (0 < d0 && d0 < l ) ? d0 : 0 ;
d1 = (0 < d1 && d1 < l ) ? d1 : d0 ;

65 d2 = (0 < d2 && d2 < l ) ? d2 : d1 ;
d3 = (0 < d3 && d3 < l ) ? d3 : d2 ;
i n t r0 = w − d0 ;
i n t r1 = w − d1 ;
i n t r2 = w − d2 ;

70 i n t r3 = w − d3 ;
r0 = r0 < 0 ? r0 + l : r0 ;
r1 = r1 < 0 ? r1 + l : r1 ;
r2 = r2 < 0 ? r2 + l : r2 ;
r3 = r3 < 0 ? r3 + l : r3 ;

75 sample y0 = b u f f e r [ r0 ] ;
sample y1 = b u f f e r [ r1 ] ;
sample y2 = b u f f e r [ r2 ] ;
sample y3 = b u f f e r [ r3 ] ;
sample a0 = −t ∗ t ∗ t + 2∗ t ∗ t − t ;

80 sample a1 = 3∗ t ∗ t ∗ t − 5∗ t ∗ t + 2 ;
sample a2 = −3∗ t ∗ t ∗ t + 4∗ t ∗ t + t ;
sample a3 = t ∗ t ∗ t − t ∗ t ;
r e turn ( a0 ∗ y0 + a1 ∗ y1 + a2 ∗ y2 + a3 ∗ y3 ) / 2 ;

}
85

#e n d i f

6 client/dsp/dtmf.h

s t a t i c s t r u c t { i n t lo , h i ; } dtmf [ 1 0 ] = {
{ 941 , 1336 } ,
{ 697 , 1209 } ,
{ 697 , 1336 } ,

13
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5 { 697 , 1477 } ,
{ 770 , 1209 } ,
{ 770 , 1336 } ,
{ 770 , 1477 } ,
{ 852 , 1209 } ,

10 { 852 , 1336 } ,
{ 852 , 1477 }

} ;

7 client/dsp/effects.h

#i f n d e f DSP EFFECTS H
#d e f i n e DSP EFFECTS H 1

#inc lude ” func . h”
5 #inc lude ” de lay . h”

#inc lude ” osc . h”
#inc lude ” f i l t e r . h”

typede f s t r u c t { DELAY tape ; f l o a t buf [ 1 6 3 8 4 ] ; } CHORUS;
10

s t a t i c i n l i n e sample chorus (CHORUS ∗ch , i n t vo i ce s , sample delayms , sample ⤦
Ç depthms , sample phase , sample x ) {

ch−>tape . l ength = 16384 ;
sample c = 0 ;
f o r ( i n t i = 0 ; i < v o i c e s ; ++i ) {

15 c += de l read4 (&ch−>tape , delayms + depthms ∗ cos ( twopi ∗ ( phase + i / (⤦
Ç sample ) v o i c e s ) ) ) ;

}
c /= v o i c e s ;
d e l w r i t e (&ch−>tape , x − c ) ;
r e turn c ;

20 }

typede f s t r u c t { PHASOR head ; DELAY tape ; f l o a t buf [ 1 6 3 8 4 ] ; } PITCHSHIFT;

s t a t i c i n l i n e sample p i t c h s h i f t (PITCHSHIFT ∗ps , sample delayms , sample windowms ,⤦
Ç sample transposesemi , sample x ) {

25 ps−>tape . l ength = 16384 ;
d e l w r i t e (&ps−>tape , x ) ;
sample p0 = phasor(&ps−>head , (1 − exp ( ( sample ) 0 .05776 ∗ t ransposesemi ) ) ∗ ⤦

Ç 1000 / windowms) ;
sample p1 = wrap ( p0 + ( sample ) 0 . 5 ) ;
r e turn s i n ( p i ∗ p0 ) ∗ de l r ead4 (&ps−>tape , windowms ∗ p0 + delayms )

30 + s i n ( p i ∗ p1 ) ∗ de l r ead4 (&ps−>tape , windowms ∗ p1 + delayms ) ;
}

typede f s t r u c t { HIP hip [ 2 ] ; LOP lop [ 3 ] ; } COMPRESS;

35 void compress ( sample out [ 2 ] , COMPRESS ∗ s , sample hiphz , sample lophz1 , sample ⤦
Ç lophz2 , sample db , const sample in [ 2 ] ) {

sample h [ 2 ] =
{ hip(&s−>hip [ 0 ] , in [ 0 ] , hiphz )
, hip(&s−>hip [ 1 ] , in [ 1 ] , hiphz )
} ;

40 h [ 0 ] ∗= h [ 0 ] ;
h [ 1 ] ∗= h [ 1 ] ;

14
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h [ 0 ] = lop(&s−>l op [ 0 ] , h [ 0 ] , lophz1 ) ;
h [ 1 ] = lop(&s−>l op [ 1 ] , h [ 1 ] , lophz1 ) ;
sample env = lop(&s−>l op [ 2 ] , s q r t ( fmax (0 , h [ 0 ] + h [ 1 ] ) ) , lophz2 ) ;

45 sample env0 = env ;
env = rmstodb ( env ) ;
i f ( env > db) {

env = db + ( env − db) / 4 ;
} e l s e {

50 env = db ;
}
env = ( sample ) 0 .25 ∗ dbtorms ( env ) / dbtorms ((100 − db) / 4 + db) ;
sample gain = env / env0 ;
i f ( i snan ( gain ) | | i s i n f ( ga in ) ) { gain = 0 ; }

55 gain = clamp ( gain , 0 , ( sample ) 1 . 0 e6 ) ;
out [ 0 ] = tanh ( in [ 0 ] ∗ gain ) ;
out [ 1 ] = tanh ( in [ 1 ] ∗ gain ) ;

}

60 // reverb

typede f s t r u c t {
sample x [ 4 ] ;

} vec4 ;
65

s t a t i c i n l i n e void vsub ( vec4 ∗o , const vec4 ∗a , const vec4 ∗b) {
f o r ( i n t i = 0 ; i < 4 ; ++i ) { o−>x [ i ] = a−>x [ i ] − b−>x [ i ] ; }

}

70 s t a t i c i n l i n e void vmul ( vec4 ∗o , const vec4 ∗a , sample b) {
f o r ( i n t i = 0 ; i < 4 ; ++i ) { o−>x [ i ] = a−>x [ i ] ∗ b ; }

}

s t a t i c i n l i n e sample vdot ( const vec4 ∗a , const vec4 ∗b) {
75 sample s = 0 ;

f o r ( i n t i = 0 ; i < 4 ; ++i ) { s += a−>x [ i ] ∗ b−>x [ i ] ; }
re turn s ;

}

80 s t a t i c i n l i n e void v r e f ( vec4 ∗o , const vec4 ∗x , const vec4 ∗normal , sample ⤦
Ç d i s t ance ) {

vmul ( o , normal , 2 ∗ ( vdot (x , normal ) − d i s t ance ) / vdot ( normal , normal ) ) ;
vsub ( o , x , o ) ;

}

85 s t a t i c i n l i n e sample vtime ( const vec4 ∗x , const vec4 ∗y ) {
sample c = ( sample ) 340 .0 / ( sample ) 1 0 0 0 . 0 ;
vec4 v ;
vsub(&v , x , y ) ;
sample d = vdot(&v , &v ) ;

90 re turn s q r t (d) / c ;
}

typede f s t r u c t {
sample t imes [ 9 ] ;

95 sample decays [ 9 ] ;
DELAY de l ;
f l o a t de lbu f [SR ] ;

15
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} EARLYREF;

100 s t a t i c i n l i n e void e a r l y r e f i n i t (EARLYREF ∗ e r e f , vec4 ∗ s i z e , vec4 ∗ source , vec4⤦
Ç ∗ l i s t e n e r ) {

vec4 normals [ 8 ] =
{ {{ 1 , 0 , 0 , 0 }} , {{ −1 , 0 , 0 , 0 }}
, {{ 0 , 1 , 0 , 0 }} , {{ 0 , −1 , 0 , 0 }}
, {{ 0 , 0 , 1 , 0 }} , {{ 0 , 0 , −1 , 0 }}

105 , {{ 0 , 0 , 0 , 1 }} , {{ 0 , 0 , 0 , −1 }}
} ;

sample d i s t ance [ 8 ] =
{ 0 , s i z e −>x [ 0 ] , 0 , s i z e −>x [ 1 ] , 0 , s i z e −>x [ 2 ] , 0 , s i z e −>x [ 3 ] } ;

vec4 sourc e s [ 9 ] ;
110 vmul(& source s [ 0 ] , source , 1) ;

f o r ( i n t i = 1 ; i < 9 ; ++i ) {
v r e f (& source s [ i ] , source , &normals [ i − 1 ] , d i s t ance [ i − 1 ] ) ;

}
f o r ( i n t i = 0 ; i < 9 ; ++i ) {

115 e r e f −>t imes [ i ] = vtime(& source s [ i ] , l i s t e n e r ) ;
e r e f −>decays [ i ] = pow(10 , −340 ∗ e r e f −>t imes [ i ] / 10000) ;

}
e r e f −>de l . l ength = SR;

}
120

s t a t i c i n l i n e sample e a r l y r e f (EARLYREF ∗ e r e f , sample audio , sample b r i g h t n e s s ) ⤦
Ç {

d e l w r i t e (& er e f −>del , audio ) ;
sample s = 0 ;
f o r ( i n t i = 1 ; i < 9 ; ++i ) {

125 s += ere f −>decays [ i ] ∗ de l r ead1 (& ere f −>del , e r e f −>t imes [ i ] ) ;
}
s ∗= b r i g h t n e s s ;
s += ere f −>decays [ 0 ] ∗ de l r ead1 (& er e f −>del , e r e f −>t imes [ 0 ] ) ;
r e turn s ;

130 }

s t a t i c i n l i n e i n t cmp sample ( const void ∗a , const void ∗b) {
const sample ∗x = ( const sample ∗) a ;
const sample ∗y = ( const sample ∗) b ;

135 i f (∗x > ∗y ) { re turn 1 ; }
i f (∗x < ∗y ) { re turn −1; }
re turn 0 ;

}

140 typede f s t r u c t {
DELAY de l ;
f l o a t de lbu f [SR ] ;

} REVERB LINE;

145 typede f s t r u c t {
sample t imes [ 8 0 ] ;
REVERB LINE l i n e s [ 1 6 ] ;

} REVERB;

150 s t a t i c i n l i n e void r e v e r b i n i t (REVERB ∗ r , const vec4 ∗ s i z e ) {
sample lx = s i z e −>x [ 0 ] ;
sample ly = s i z e −>x [ 1 ] ;

16
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sample l z = s i z e −>x [ 2 ] ;
sample lw = s i z e −>x [ 3 ] ;

155 i n t k = 0 ;
f o r ( i n t nx = 0 ; nx < 3 ; ++nx ) {
f o r ( i n t ny = 0 ; ny < 3 ; ++ny ) {
f o r ( i n t nz = 0 ; nz < 3 ; ++nz ) {
f o r ( i n t nw = 0 ; nw < 3 ; ++nw) {

160 i f ( nx + ny + nz + nw == 0) cont inue ;
r−>t imes [ k++] = ( sample ) 1000 .0 / ( ( sample ) ( 3 4 0 . 0 / 2 . 0 ) ∗ s q r t ( ( nx∗nx ) /( lx ∗ l x )⤦

Ç +(ny∗ny ) /( ly ∗ l y )+(nz∗nz ) /( l z ∗ l z )+(nw∗nw) /( lw∗ lw ) ) ) ;
}}}}
qso r t ( r−>times , 80 , s i z e o f ( sample ) , cmp sample ) ;
// de−d u p l i c a t e

165 i n t wr = 0 ;
i n t rd = 1 ;
whi l e ( rd < 80) {

i f ( r−>t imes [ wr ] == r−>t imes [ rd ] ) {
rd++;

170 } e l s e {
r−>t imes [ wr ] = r−>t imes [ rd ] ;
wr++;
rd++;

}
175 }

f o r ( i n t i = 0 ; i < 16 ; ++i ) {
r−> l i n e s [ i ] . d e l . l ength = SR;

}
}

180

s t a t i c i n l i n e void reverb ( sample ∗out , REVERB ∗ r , const sample ∗ in , sample t60 ) ⤦
Ç {

const f l o a t mat [ 1 6 ] [ 1 6 ] =
{ { 1 , −1 , −1 , −1 , −1 , 1 , 1 , 1 , −1 , 1 , 1 , 1 , −1 , 1 , 1 , 1 }
, { −1 , 1 , −1 , −1 , 1 , −1 , 1 , 1 , 1 , −1 , 1 , 1 , 1 , −1 , 1 , 1 }

185 , { −1 , −1 , 1 , −1 , 1 , 1 , −1 , 1 , 1 , 1 , −1 , 1 , 1 , 1 , −1 , 1 }
, { −1 , −1 , −1 , 1 , 1 , 1 , 1 , −1 , 1 , 1 , 1 , −1 , 1 , 1 , 1 , −1 }
, { −1 , 1 , 1 , 1 , 1 , −1 , −1 , −1 , −1 , 1 , 1 , 1 , −1 , 1 , 1 , 1 }
, { 1 , −1 , 1 , 1 , −1 , 1 , −1 , −1 , 1 , −1 , 1 , 1 , 1 , −1 , 1 , 1 }
, { 1 , 1 , −1 , 1 , −1 , −1 , 1 , −1 , 1 , 1 , −1 , 1 , 1 , 1 , −1 , 1 }

190 , { 1 , 1 , 1 , −1 , −1 , −1 , −1 , 1 , 1 , 1 , 1 , −1 , 1 , 1 , 1 , −1 }
, { −1 , 1 , 1 , 1 , −1 , 1 , 1 , 1 , 1 , −1 , −1 , −1 , −1 , 1 , 1 , 1 }
, { 1 , −1 , 1 , 1 , 1 , −1 , 1 , 1 , −1 , 1 , −1 , −1 , 1 , −1 , 1 , 1 }
, { 1 , 1 , −1 , 1 , 1 , 1 , −1 , 1 , −1 , −1 , 1 , −1 , 1 , 1 , −1 , 1 }
, { 1 , 1 , 1 , −1 , 1 , 1 , 1 , −1 , −1 , −1 , −1 , 1 , 1 , 1 , 1 , −1 }

195 , { −1 , 1 , 1 , 1 , −1 , 1 , 1 , 1 , −1 , 1 , 1 , 1 , 1 , −1 , −1 , −1 }
, { 1 , −1 , 1 , 1 , 1 , −1 , 1 , 1 , 1 , −1 , 1 , 1 , −1 , 1 , −1 , −1 }
, { 1 , 1 , −1 , 1 , 1 , 1 , −1 , 1 , 1 , 1 , −1 , 1 , −1 , −1 , 1 , −1 }
, { 1 , 1 , 1 , −1 , 1 , 1 , 1 , −1 , 1 , 1 , 1 , −1 , −1 , −1 , −1 , 1 }
} ;

200 f l o a t source [ 1 6 ] ;
f l o a t output [ 1 6 ] ;
f o r ( i n t i = 0 ; i < 16 ; ++i ) {

source [ i ] = ( sample ) 0 .125 ∗ in [ i & 1 ] + de l read1 (&r−> l i n e s [ i ] . del , r−>t imes [⤦
Ç i ] ) ∗ pow(10 , −3 ∗ r−>t imes [ i ] / fmax ( t60 , ( sample ) 1e −6) ) ;

}
205 f o r ( i n t i = 0 ; i < 16 ; ++i ) {

f l o a t s = 0 ;

17
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f o r ( i n t j = 0 ; j < 16 ; ++j ) {
s += mat [ i ] [ j ] ∗ source [ j ] ;

}
210 output [ i ] = ( sample ) 0 .25 ∗ s ;

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

s += output [ i ] ;
215 }

s ∗= ( sample ) 0 . 1 2 5 ;
out [ 0 ] = s ;
s = 0 ;
f o r ( i n t i = 8 ; i < 16 ; ++i ) {

220 s += output [ i ] ;
}
s ∗= ( sample ) 0 . 1 2 5 ;
out [ 1 ] = s ;
f o r ( i n t i = 0 ; i < 16 ; ++i ) {

225 d e l w r i t e (&r−> l i n e s [ i ] . del , output [ i ] ) ;
}

}

#e n d i f

8 client/dsp/filter.h

#i f n d e f DSP FILTER H
#d e f i n e DSP FILTER H 1

#inc lude ” func . h”
5

// sample and hold

typede f s t r u c t {
sample t r i g g e r ;

10 sample va lue ;
} SAMPHOLD;

sample samphold (SAMPHOLD ∗ s , sample value , sample t r i g g e r ) {
i f ( t r i g g e r < s−> t r i g g e r ) {

15 s−>value = value ;
}
s−> t r i g g e r = t r i g g e r ;
r e turn s−>value ;

}
20

// http :// musicdsp . org / f i l e s /Audio−EQ−Cookbook . txt

#d e f i n e f l a t q 0.7071067811865476

25 typede f s t r u c t { double b0 , b1 , b2 , a1 , a2 , y1 , y2 ; sample x1 , x2 ; } BIQUAD;

s t a t i c i n l i n e sample biquad (BIQUAD ∗bq , sample x0 ) {
double b0 = bq−>b0 , b1 = bq−>b1 , b2 = bq−>b2 , a1 = bq−>a1 , a2 = bq−>a2 ;
double x1 = bq−>x1 , x2 = bq−>x2 , y1 = bq−>y1 , y2 = bq−>y2 ;

30 double y0 = b0 ∗ x0 + b1 ∗ x1 + b2 ∗ x2 − a1 ∗ y1 − a2 ∗ y2 ;
bq−>y2 = y1 ;

18
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bq−>y1 = y0 ;
bq−>x2 = x1 ;
bq−>x1 = x0 ;

35 re turn y0 ;
}

s t a t i c i n l i n e BIQUAD ∗ lowpass (BIQUAD ∗bq , sample hz , sample q ) {
double w0 = hz ∗ twopi / SR;

40 double a = fabs ( s i n (w0) / (2 ∗ q ) ) ;
double c = cos (w0) ;
double b0 = (1 − c ) / 2 , b1 = 1 − c , b2 = (1 − c ) / 2 ;
double a0 = 1 + a , a1 = −2 ∗ c , a2 = 1 − a ;
bq−>b0 = b0 / a0 ;

45 bq−>b1 = b1 / a0 ;
bq−>b2 = b2 / a0 ;
bq−>a1 = a1 / a0 ;
bq−>a2 = a2 / a0 ;
re turn bq ;

50 }

s t a t i c i n l i n e BIQUAD ∗ highpass (BIQUAD ∗bq , sample hz , sample q ) {
double w0 = hz ∗ twopi / SR;
double a = fabs ( s i n (w0) / (2 ∗ q ) ) ;

55 double c = cos (w0) ;
double b0 = (1 + c ) / 2 , b1 = −(1 + c ) , b2 = (1 + c ) / 2 ;
double a0 = 1 + a , a1 = −2 ∗ c , a2 = 1 − a ;
bq−>b0 = b0 / a0 ;
bq−>b1 = b1 / a0 ;

60 bq−>b2 = b2 / a0 ;
bq−>a1 = a1 / a0 ;
bq−>a2 = a2 / a0 ;
re turn bq ;

}
65

s t a t i c i n l i n e BIQUAD ∗bandpass (BIQUAD ∗bq , sample hz , sample q ) {
double w0 = hz ∗ twopi / SR;
double a = fabs ( s i n (w0) / (2 ∗ q ) ) ;
double c = cos (w0) ;

70 double b0 = a , b1 = 0 , b2 = −a ;
double a0 = 1 + a , a1 = −2 ∗ c , a2 = 1 − a ;
bq−>b0 = b0 / a0 ;
bq−>b1 = b1 / a0 ;
bq−>b2 = b2 / a0 ;

75 bq−>a1 = a1 / a0 ;
bq−>a2 = a2 / a0 ;
re turn bq ;

}

80 s t a t i c i n l i n e BIQUAD ∗notch (BIQUAD ∗bq , sample hz , sample q ) {
double w0 = hz ∗ twopi / SR;
double a = fabs ( s i n (w0) / (2 ∗ q ) ) ;
double c = cos (w0) ;
double b0 = 1 , b1 = −2 ∗ c , b2 = 1 ;

85 double a0 = 1 + a , a1 = −2 ∗ c , a2 = 1 − a ;
bq−>b0 = b0 / a0 ;
bq−>b1 = b1 / a0 ;
bq−>b2 = b2 / a0 ;

19
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bq−>a1 = a1 / a0 ;
90 bq−>a2 = a2 / a0 ;

re turn bq ;
}

// based on pd ’ s [ vc f ˜ ] [ lop ˜ ] [ hip ˜ ]
95

typede f s t r u c t { double re , im ; } VCF;

s t a t i c i n l i n e sample vc f (VCF ∗ s , sample x , sample hz , sample q ) {
double qinv = q > 0 ? 1 / q : 0 ;

100 double ampcorrect = 2 − 2 / ( q + 2) ;
double c f = hz ∗ twopi / SR;
i f ( c f < 0) { c f = 0 ; }
double r = qinv > 0 ? 1 − c f ∗ qinv : 0 ;
i f ( r < 0) { r = 0 ; }

105 double oneminusr = 1 − r ;
double c r e = r ∗ cos ( c f ) ;
double cim = r ∗ s i n ( c f ) ;
double re2 = s−>re ;
s−>re = ampcorrect ∗ oneminusr ∗ x + cre ∗ re2 − cim ∗ s−>im ;

110 s−>im = cim ∗ re2 + cre ∗ s−>im ;
re turn s−>re ;

}

typede f s t r u c t { double y ; } LOP;
115

s t a t i c i n l i n e sample lop (LOP ∗ s , sample x , sample hz ) {
double c = clamp ( twopi ∗ hz / SR, 0 , 1) ;
r e turn s−>y = mix (x , s−>y , 1 − c ) ;

}
120

typede f s t r u c t { double y ; } HIP ;

s t a t i c i n l i n e sample hip (HIP ∗ s , sample x , sample hz ) {
double c = clamp (1 − twopi ∗ hz / SR, 0 , 1) ;

125 double n = (1 + c ) / 2 ;
double y = x + c ∗ s−>y ;
double o = n ∗ ( y − s−>y ) ;
s−>y = y ;
re turn o ;

130 }

// pd/ extra / h i l b e r t ˜ . pd

typede f s t r u c t { double w [ 2 ] [ 2 ] [ 2 ] ; } HILBERT;
135

s t a t i c i n l i n e void h i l b e r t ( sample out [ 2 ] , HILBERT ∗h , const sample in [ 2 ] ) {
s t a t i c const double c [ 2 ] [ 2 ] [ 5 ] =

{ { { 1 .94632 , −0.94657 , 0 .94657 , −1.94632 , 1 }
, { 0 .83774 , −0.06338 , 0 .06338 , −0.83774 , 1 }

140 }
, { { −0.02569 , 0 .260502 , −0.260502 , 0 .02569 , 1 }

, { 1 .8685 , −0.870686 , 0 .870686 , −1.8685 , 1 }
}

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

20
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double w = in [ i ] + c [ i ] [ 0 ] [ 0 ] ∗ h−>w[ i ] [ 0 ] [ 0 ] + c [ i ] [ 0 ] [ 1 ] ∗ h−>w[ i ] [ 0 ] [ 1 ] ;
double x = c [ i ] [ 0 ] [ 2 ] ∗ w + c [ i ] [ 0 ] [ 3 ] ∗ h−>w[ i ] [ 0 ] [ 0 ] + c [ i ] [ 0 ] [ 4 ] ∗ h−>w[ i⤦

Ç ] [ 0 ] [ 1 ] ;
h−>w[ i ] [ 0 ] [ 1 ] = h−>w[ i ] [ 0 ] [ 0 ] ;
h−>w[ i ] [ 0 ] [ 0 ] = w;

150 w = x + c [ i ] [ 1 ] [ 0 ] ∗ h−>w[ i ] [ 1 ] [ 0 ] + c [ i ] [ 1 ] [ 1 ] ∗ h−>w[ i ] [ 1 ] [ 1 ] ;
out [ i ] = c [ i ] [ 1 ] [ 2 ] ∗ w + c [ i ] [ 1 ] [ 3 ] ∗ h−>w[ i ] [ 1 ] [ 0 ] + c [ i ] [ 1 ] [ 4 ] ∗ h−>w[ i⤦

Ç ] [ 1 ] [ 1 ] ;
h−>w[ i ] [ 1 ] [ 1 ] = h−>w[ i ] [ 1 ] [ 0 ] ;
h−>w[ i ] [ 1 ] [ 0 ] = w;

}
155 }

typede f s t r u c t {
double ya1 ;
double wa1 ;

160 double yb1 ;
double wb1 ;
double yc1 ;
double wc1 ;
double yd1 ;

165 } MOOG;

s t a t i c i n l i n e sample moog(MOOG ∗m, sample audio , sample frequency , sample ⤦
Ç resonance ) {

MOOG ∗muug = m;
double ya1 = muug−>ya1 ;

170 double wa1 = muug−>wa1 ;
double yb1 = muug−>yb1 ;
double wb1 = muug−>wb1 ;
double yc1 = muug−>yc1 ;
double wc1 = muug−>wc1 ;

175 double yd1 = muug−>yd1 ;
double v = 2 ;
double x = audio ;
double f = frequency ;
double r = resonance ;

180 double g = 1 − exp(− twopi ∗ f / SR) ;
double ya = ya1 + v ∗ g ∗ tanh ( ( x − 4 ∗ r ∗ yd1 ) / v − wa1) ;
double wa = tanh ( ya / v ) ;
double yb = yb1 + v ∗ g ∗ (wa − wb1) ;
double wb = tanh ( yb / v ) ;

185 double yc = yc1 + v ∗ g ∗ (wb − wc1 ) ;
double wc = tanh ( yc / v ) ;
double yd = yd1 + v ∗ g ∗ (wc − tanh ( yd1 / v ) ) ;
double y = yd ;
muug−>ya1 = ya ;

190 muug−>wa1 = wa ;
muug−>yb1 = yb ;
muug−>wb1 = wb;
muug−>yc1 = yc ;
muug−>wc1 = wc ;

195 muug−>yd1 = yd ;
re turn y ;

}

// one−po le one−zero low pass f i l t e r des igned in the Z plane
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200

typede f s t r u c t {
sample x ;
double y ;

} LOP1;
205

s t a t i c i n l i n e sample lop1 (LOP1 ∗ s , sample x , sample hz )
{

const double w = twopi ∗ clamp ( fabs ( hz / SR) , 0 , ( sample ) 0 . 5 ) ;
const double a = (1 − s i n (w) ) / cos (w) ;

210 const double b = (1 − a ) / 2 ;
const double y = b ∗ ( x + s−>x ) + a ∗ s−>y ;
s−>x = x ;
s−>y = y ;
re turn y ;

215 }

// one−po le one−zero high pass f i l t e r des igned in the Z plane

typede f s t r u c t {
220 sample x ;

double y ;
} HIP1 ;

s t a t i c i n l i n e sample hip1 (HIP1 ∗ s , sample x , sample hz )
225 {

const double w = twopi ∗ clamp ( fabs ( hz / SR) , 0 , ( sample ) 0 . 5 ) ;
const double a = (1 − s i n (w) ) / cos (w) ;
const double b = (1 + a ) / 2 ;
const double y = b ∗ ( x − s−>x ) + a ∗ s−>y ;

230 s−>x = x ;
s−>y = y ;
re turn y ;

}

235 #e n d i f

9 client/dsp/func.h

#i f n d e f DSP FUNC H
#d e f i n e DSP FUNC H 1

#inc lude <tgmath . h>
5 #inc lude <s tdboo l . h>

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

#d e f i n e l i k e l y ( x ) b u i l t i n e x p e c t ( ( x ) ,1 )
#d e f i n e u n l i k e l y ( x ) b u i l t i n e x p e c t ( ( x ) ,0 )

10

#d e f i n e p i 3.141592653589793
#d e f i n e twopi 6.283185307179586

s t a t i c i n l i n e sample wrap ( sample x ) {
15 re turn x − f l o o r ( x ) ;

}

s t a t i c i n l i n e sample wrapto ( sample x , sample n) {
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re turn wrap ( x / n) ∗ n ;
20 }

s t a t i c i n l i n e sample wrapat ( sample x , sample n) {
re turn wrap ( x ∗ n) / n ;

}
25

s t a t i c i n l i n e sample clamp ( sample x , sample lo , sample h i ) {
re turn fmin ( fmax (x , l o ) , h i ) ;

}

30 s t a t i c i n l i n e sample mix ( sample x , sample y , sample t ) {
re turn (1 − t ) ∗ x + t ∗ y ;

}

s t a t i c i n l i n e sample t r i s aw ( sample x , sample t ) {
35 sample s = clamp ( t , ( sample ) 0 .0000001 , ( sample ) 0 .9999999) ;

sample y = clamp (x , 0 , 1) ;
r e turn y < s ? y / s : (1 − y ) / (1 − s ) ;

}

40 s t a t i c i n l i n e sample no i s e ( ) {
re turn 2 ∗ ( rand ( ) / ( sample ) RAND MAX − ( sample ) 0 . 5 ) ;

}

s t a t i c i n l i n e sample ABS( sample x )
45 {

re turn x < 0 ? −x : x ;
}

s t a t i c i n l i n e sample CLAMP( sample x , sample lo , sample h i )
50 {

re turn l o < x ? x < hi ? x : h i : l o ;
}

s t a t i c i n l i n e sample WRAP( sample x )
55 {

re turn x − f l o o r ( x ) ;
}

s t a t i c i n l i n e sample FMOD( sample x , sample y )
60 {

re turn WRAP( x / y ) ∗ y ;
}

s t a t i c const double PI = 3.141592653589793 ;
65 s t a t i c const double PI 2 = 1.5707963267948966 ;

s t a t i c const double PI 4 = 0.7853981633974483 ;

s t a t i c i n l i n e double TAN( double x )
{

70 bool r e c i p = f a l s e ;
x = ABS( x ) ;
i f ( u n l i k e l y ( x >= PI 2 ) )
{

x = FMOD( x + PI 2 , PI ) − PI 2 ;
75 }
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i f ( u n l i k e l y ( x >= PI 4 ) )
{

r e c i p = true ;
x = PI 2 − x ;

80 }
// 0 <= x <= pi /4
// [ 5 / 6 ] Padé approximant
double x2 = x ∗ x ;
double a = x ∗ (10395 .0 + x2 ∗ ( −1260.0 + x2 ∗ 2 1 . 0 ) ) ;

85 double b = 10395.0 + x2 ∗ ( −4725.0 + x2 ∗ (210 . 0 − x2 ) ) ;
r e turn r e c i p ? b / a : a / b ;

}

s t a t i c i n l i n e double TANH( double x )
90 {

// x = CLAMP(x , −4.0 , 4 . 0 ) ;
// [ 5 / 6 ] Padé approximant
double x2 = x ∗ x ;
double a = x ∗ (10395 .0 + x2 ∗ (1260 .0 + x2 ∗ 2 1 . 0 ) ) ;

95 double b = 10395.0 + x2 ∗ (4725 .0 + x2 ∗ (210 . 0 + x2 ) ) ;
r e turn a / b ;

}

// pd−0.45−5/ s r c /d math . c
100

#d e f i n e log10over ten 0.23025850929940458
#d e f i n e tenover log10 4.3429448190325175

s t a t i c i n l i n e sample mtof ( sample f ) {
105 re turn ( sample ) 8.17579891564 ∗ exp ( ( sample ) 0.0577622650 ∗ fmin ( f , 1499) ) ;

}

s t a t i c i n l i n e sample ftom ( sample f ) {
re turn ( sample ) 17.3123405046 ∗ l og ( ( sample ) 0.12231220585 ∗ f ) ;

110 }

s t a t i c i n l i n e sample dbtorms ( sample f ) {
re turn exp ( ( sample ) 0 . 5 ∗ ( sample ) l og10over ten ∗ ( fmin ( f , 870) − 100) ) ;

}
115

s t a t i c i n l i n e sample rmstodb ( sample f ) {
re turn 100 + 2 ∗ ( sample ) t enover l og10 ∗ l og ( f ) ;

}

120 s t a t i c i n l i n e sample dbtopow ( sample f ) {
re turn exp ( ( sample ) l og10over ten ∗ ( fmin ( f , 485) − 100) ) ;

}

s t a t i c i n l i n e sample powtodb ( sample f ) {
125 re turn 100 + ( sample ) t enover l og10 ∗ l og ( f ) ;

}

s t a t i c i n l i n e sample bytebeat ( i n t x ) {
130 re turn ( ( x & 0xFF) − 0x80 ) / ( sample ) 0x80 ;

}
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s t a t i c i n l i n e sample b i t c ru sh ( sample x , sample b i t s ) {
sample n = pow(2 , b i t s ) ;

135 re turn round ( x ∗ n) / n ;
}

#e n d i f

10 client/dsp.h

#i f n d e f DSP H
#d e f i n e DSP H 1

#inc lude ”dsp/ func . h”
5 #inc lude ”dsp/ f i l t e r . h”

#inc lude ”dsp/ de lay . h”
#inc lude ”dsp/ osc . h”
#inc lude ”dsp/ e f f e c t s . h”

10 #e n d i f

11 client/dsp/osc.h

#i f n d e f DSP OSC H
#d e f i n e DSP OSC H 1

#inc lude ”dsp/ func . h”
5

// need accurate phase otherw i s e low frequency range i s too quant ized
typede f s t r u c t { double phase ; } PHASOR;

s t a t i c i n l i n e double phasor (PHASOR ∗p , double hz ) {
10 // can ’ t use wrap as i t i s de f ined f o r sample which might be lower p r e c i s i o n

p−>phase += hz / SR;
p−>phase −= f l o o r (p−>phase ) ;
r e turn p−>phase ;

}
15

#d e f i n e WAVELEVELS 11

typede f s t r u c t {
f l o a t wave [ 1 << (WAVELEVELS + 1) ] ;

20 } WAVETABLE;

s t a t i c i n l i n e void wavetable saw (WAVETABLE ∗w) {
f o r ( i n t l e v e l = 0 ; l e v e l <= WAVELEVELS; ++l e v e l ) {

i n t n = 1 << l e v e l ;
25 i n t m = n >> 1 ;

f o r ( i n t i = 0 ; i < n ; ++i ) {
w−>wave [ n + i ] = 0 ;
f o r ( i n t k = 1 ; k < m; ++k ) {

double phase = twopi ∗ ( ( k ∗ i ) % n) / ( double ) n ;
30 double s i gn = ( k & 1) ? 1 : −1;

double window = clamp (2 ∗ (m − k ) / ( double ) m, 0 , 1) ;
w−>wave [ n + i ] += window ∗ s i gn ∗ s i n ( phase ) / k ;

}
w−>wave [ n + i ] ∗= 2 / pi ;
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35 }
}

}

typede f s t r u c t {
40 double phase ;

} WAVE;

s t a t i c i n l i n e double wave (WAVETABLE ∗wt , WAVE ∗w, double phase ) {
double d e l t a = fabs ( wrap ( phase − w−>phase ) ) ;

45 w−>phase = phase ;
double l = − l og2 ( d e l t a ) ;
i n t l 1 = f l o o r ( l ) ;
i n t l 0 = l 1 − 1 ;
double l t = l − l 1 ;

50 l 0 = clamp ( l0 , 0 , WAVELEVELS) ;
l 1 = clamp ( l1 , 0 , WAVELEVELS) ;
i n t n0 = 1 << l 0 ;
i n t n1 = 1 << l 1 ;
double t = wrap ( phase ) ;

55 double i 0 = t ∗ n0 ;
i n t i 00 = f l o o r ( i 0 ) ;
i n t i 01 = ( i00 + 1) % n0 ;
double i 0 t = i 0 − i 00 ;
double i 1 = t ∗ n1 ;

60 i n t i 10 = f l o o r ( i 1 ) ;
i n t i 11 = ( i10 + 1) % n1 ;
double i 1 t = i 1 − i 10 ;
r e turn

mix
65 ( mix (wt−>wave [ n0 + i00 ] , wt−>wave [ n0 + i01 ] , i 0 t )

, mix (wt−>wave [ n1 + i10 ] , wt−>wave [ n1 + i11 ] , i 1 t )
, l t
) ;

}
70

// <http ://www. f i r s t p r . com . au/dsp/pink−no i s e/>
// <http ://www. f i r s t p r . com . au/dsp/pink−no i s e / ph i l bu rk 19990905 pa t e s t p ink . c>

75 /∗
pa t e s t p ink . c

Generate Pink Noise us ing Gardner method .
Optimizat ion suggested by James McCartney uses a t r e e

80 to s e l e c t which random value to r e p l a c e .

x x x x x x x x x x x x x x x x
x x x x x x x x

x x x x
85 x x

x

Tree i s generated by count ing t r a i l i n g z e ro s in an i n c r e a s i n g index .
When the index i s zero , no random number i s s e l e c t e d .

90

This program uses the Portable Audio l i b r a r y which i s under development .
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For more in fo rmat ion see : http ://www. audiomulch . com/ portaudio /

Author : Phi l Burk , http ://www. s o f t s y n th . com
95

Revis ion History :

Copyle f t 1999 Phi l Burk − No r i g h t s r e s e rved .
∗/

100

/∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗/
/∗ Calcu la te pseudo−random 32 b i t number based on l i n e a r c o n g r u e n t i a l method . ∗/
// s t a t i c unsigned long randSeed = 22222 ; /∗ Change t h i s f o r d i f f e r e n t random ⤦

Ç sequences . ∗/
s t a t i c i n l i n e unsigned long pink GenerateRandomNumber ( unsigned long randSeed ) {

105 randSeed = ( randSeed ∗ 196314165) + 907633515;
re turn randSeed ;

}

#d e f i n e PINK MAX RANDOM ROWS (30)
110 #d e f i n e PINK RANDOM BITS (24)

#d e f i n e PINK RANDOM SHIFT ( ( s i z e o f ( long ) ∗8)−PINK RANDOM BITS)

typede f s t r u c t {
long pink Rows [PINK MAX RANDOM ROWS] ;

115 long pink RunningSum ; /∗ Used to opt imize summing o f g ene ra to r s . ⤦
Ç ∗/

i n t p ink Index ; /∗ Incremented each sample . ∗/
i n t pink IndexMask ; /∗ Index wrapped by ANDing with t h i s mask . ⤦

Ç ∗/
double p ink Sca l a r ; /∗ Used to s c a l e with in range o f −1.0 to ⤦

Ç +1.0 ∗/
unsigned long seed ;

120 } PINK;

/∗ Setup PinkNoise s t r u c t u r e f o r N rows o f g ene ra to r s . ∗/
void p i n k i n i t (PINK ∗pink , i n t numRows , unsigned long seed )
{

125 i n t i ;
long pmax ;
pink−>pink Index = 0 ;
pink−>pink IndexMask = (1<<numRows) − 1 ;

/∗ Calcu la te maximum p o s s i b l e s igned random value . Extra 1 f o r white no i s e ⤦
Ç always added . ∗/

130 pmax = (numRows + 1) ∗ (1<<(PINK RANDOM BITS−1) ) ;
pink−>p ink Sca l a r = 1 .0 f / pmax ;

/∗ I n i t i a l i z e rows . ∗/
f o r ( i =0; i<numRows ; i++ ) pink−>pink Rows [ i ] = 0 ;
pink−>pink RunningSum = 0 ;

135 pink−>seed = seed ;
}

/∗ Generate Pink no i s e va lue s between −1.0 and +1.0 ∗/
double pink (PINK ∗pink ) {

140 long newRandom ;
long sum ;
double output ;
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/∗ Increment and mask index . ∗/
145 pink−>pink Index = ( pink−>pink Index + 1) & pink−>pink IndexMask ;

/∗ I f index i s zero , don ’ t update any random va lues . ∗/
i f ( pink−>pink Index != 0 )
{

150 /∗ Determine how many t r a i l i n g z e ro s in PinkIndex . ∗/
/∗ This a lgor i thm w i l l hang i f n==0 so t e s t f i r s t . ∗/

i n t numZeros = 0 ;
i n t n = pink−>pink Index ;
whi l e ( (n & 1) == 0 )

155 {
n = n >> 1 ;
numZeros++;

}

160 /∗ Replace the indexed ROWS random value .
∗ Subtract and add back to RunningSum ins t ead o f adding a l l the random
∗ va lue s toge the r . Only one changes each time .
∗/

pink−>pink RunningSum −= pink−>pink Rows [ numZeros ] ;
165 newRandom = ( ( long ) ( pink−>seed = pink GenerateRandomNumber ( pink⤦

Ç −>seed ) ) ) >> PINK RANDOM SHIFT;
pink−>pink RunningSum += newRandom ;
pink−>pink Rows [ numZeros ] = newRandom ;

}

170 /∗ Add extra white no i s e va lue . ∗/
newRandom = ( ( long ) ( pink−>seed = pink GenerateRandomNumber ( pink−>seed ) )⤦

Ç ) >> PINK RANDOM SHIFT;
sum = pink−>pink RunningSum + newRandom ;

/∗ Sca l e to range o f −1.0 to 0 . 9 9 9 9 . ∗/
175 output = pink−>p ink Sca l a r ∗ sum ;

re turn output ;
}

180

/∗ analogue adsr ∗/

#d e f i n e SMALL 1e−6
#d e f i n e ANTIDENORMAL ( sample ) 1e−18

185

#d e f i n e RELEASE 0
#d e f i n e ATTACK 1
#d e f i n e DECAY 2

190 typede f s t r u c t {
sample t r i g g e r 1 ;
sample peak 1 ;
sample peak 2 ;
sample t h r e s h o l d 1 ;

195 sample t h r e s h o l d 2 ;
double out 1 ;
double out 2 ;
i n t phase ;
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} ADSR;
200

s t a t i c i n l i n e sample adsr (ADSR ∗adsr , sample t r i g g e r , sample attack , sample peak⤦
Ç , sample decay , sample sus ta in , sample r e l e a s e , sample th r e sho ld ) {

ADSR ∗x = adsr ;
/∗ r e s t o r e h i s t o r y ∗/
sample t r i g g e r 1 = x−> t r i g g e r 1 ;

205 sample peak 1 = x−>peak 1 ;
sample peak 2 = x−>peak 2 ;
sample t h r e s h o l d 1 = x−>t h r e s h o l d 1 ;
sample t h r e s h o l d 2 = x−>t h r e s h o l d 2 ;
double out 1 = x−>out 1 ;

210 double out 2 = x−>out 2 ;
i n t phase = x−>phase ;
/∗ u s e f u l semi−constant ∗/
double T = −1000.0 / SR;
/∗ s c a l e m i l l i s e c o n d s to m u l t i p l i e r s ∗/

215 i f ( a t tack < SMALL) { attack = SMALL; } attack = exp (T/ attack ) ;
i f ( decay < SMALL) { decay = SMALL; } decay = exp (T/decay ) ;
i f ( r e l e a s e < SMALL) { r e l e a s e = SMALL; } r e l e a s e = exp (T/ r e l e a s e ) ;
/∗ which phase are we in ? ∗/
i f ( t r i g g e r − t r i g g e r 1 > 0) {

220 /∗ r i s i n g t r i g g e r ∗/
phase = ATTACK;

} e l s e i f ( t r i g g e r − t r i g g e r 1 < 0) {
/∗ f a l l i n g t r i g g e r ∗/
phase = RELEASE;

225 } e l s e i f ( ( out 1 > peak 1 ∗ t h r e s h o l d 1 ) −
( out 2 > peak 2 ∗ t h r e s h o l d 2 ) > 0) {

/∗ r i s i n g above peak thre sho ld ∗/
phase = DECAY;

}
230 /∗ behaviour depends on phase ∗/

sample t a r g e t = 0 ;
double ra t e = 0 ;
switch ( phase ) {
case (ATTACK) : t a r g e t = peak ; r a t e = attack ; break ;

235 case (DECAY) : t a r g e t = s u s t a i n ; r a t e = decay ; break ;
case (RELEASE) : t a r g e t = 0 ; ra t e = r e l e a s e ; break ;
d e f a u l t : t a r g e t = 0 ; ra t e = 0 ; break ; /∗ never ∗/
}
/∗ exponent i a l decay to a t a r g e t ∗/

240 double out = ra t e ∗ out 1 + (1 − r a t e ) ∗ t a r g e t ;
/∗ k i l l denormal by quant i za t i on ∗/
out += ANTIDENORMAL;
out −= ANTIDENORMAL;
/∗ r e c y c l e h i s t o r y ∗/

245 t r i g g e r 1 = t r i g g e r ;
peak 2 = peak 1 ;
peak 1 = peak ;
t h r e s h o l d 2 = t h r e s h o l d 1 ;
t h r e s h o l d 1 = thre sho ld ;

250 out 2 = out 1 ;
out 1 = out ;
/∗ save h i s t o r y ∗/
x−> t r i g g e r 1 = t r i g g e r 1 ;
x−>peak 1 = peak 1 ;
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255 x−>peak 2 = peak 2 ;
x−>t h r e s h o l d 1 = t h r e s h o l d 1 ;
x−>t h r e s h o l d 2 = t h r e s h o l d 2 ;
x−>out 1 = out 1 ;
x−>out 2 = out 2 ;

260 x−>phase = phase ;
r e turn out ;

}

#undef SMALL
265 #undef ANTIDENORMAL

#undef RELEASE
#undef ATTACK
#undef DECAY

270 #e n d i f

12 client/go.c

#inc lude ”go . h”

i n t go (S ∗ s , i n t channels , const f l o a t ∗ in , f l o a t ∗out ) {
i f ( s−>r e loaded ) {

5 s−>r e loaded = 0 ;
}
f o r ( i n t c = 0 ; c < channe l s ; ++c ) {

out [ c ] = 0 ;
}

10 re turn 0 ;
}

13 client/go.h

#i f n d e f GO H
#d e f i n e GO H 1

typede f f l o a t sample ;
5 #d e f i n e SR 44100

#inc lude ”dsp . h”

typede f s t r u c t {
i n t re loaded ;

10

} S ;

#e n d i f

14 client/Makefile

GCC ?= gcc −8

a l l : c l i v e − c l i e n t

5 c l i v e − c l i e n t : c l i v e − c l i e n t . c
$ (GCC) −std=c99 −Wall −pedant ic −Wextra −Wno−unused−parameter −O3 −o ⤦

Ç c l i v e − c l i e n t c l i v e − c l i e n t . c
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15 client/native-sse.mk

GCC ?= gcc −8

. . / bu i ld /go . so : go . c dsp . h dsp /∗ . h
$ (GCC) −std=c99 −Wall −pedant ic −Wextra −Wno−unused−parameter −O3 −march⤦

Ç =nat ive −mfpmath=s s e − I . −shared −fPIC −o . . / bu i ld /go . so go . c −lm

16 client/rpi3b-64.mk

GCC ?= aarch64− l inux −gnu−gcc −8

. . / bu i ld /go . so : go . c dsp . h dsp /∗ . h
$ (GCC) −std=c99 −Wall −pedant ic −Wextra −Wno−unused−parameter −O3 −march⤦

Ç =armv8−a+crc − I . −shared −fPIC −o . . / bu i ld /go . so go . c −lm

17 doc/acl.bst

% BibTeX ‘ ac l ’ s t y l e f i l e f o r BibTeX ve r s i on 0 .99 c , LaTeX ve r s i on 2 .09
% This v e r s i o n was made by modifying ‘ aaai −named ’ format based on the master
% f i l e by Oren Patashnik (PATASHNIK@SCORE.STANFORD.EDU)

5 % Copyright (C) 1985 , a l l r i g h t s r e s e rved .
% Mod i f i c a t i on s Copyright 1988 , Peter F . Patel −Schne ider
% Further m o d i f i c t i o n s by Stuart Shieber , 1991 , and Fernando Pere i ra , 1992 .
% Copying o f t h i s f i l e i s author i zed only i f e i t h e r
% (1) you make a b s o l u t e l y no changes to your copy , i n c l u d i n g name , or

10 % (2) i f you do make changes , you name i t something other than
% btxbst . doc , p l a i n . bst , unsrt . bst , alpha . bst , and abbrv . bst .
% This r e s t r i c t i o n he lps ensure that a l l standard s t y l e s are i d e n t i c a l .

% There are undoubtably bugs in t h i s s t y l e . I f you make bug f i x e s ,
15 % improvements , e t c . p l e a s e l e t me know . My e−mail address i s :

% pfps@spar . s l b . com

% Cita t i on format : [ author− l a s t −name , year ]
% [ author− l a s t −name and author− l a s t −name , year ]

20 % [ author− l a s t −name {\em et a l .} , year ]
%
% Reference l i s t o rde r ing : a l p h a b e t i c a l by author or whatever pas s e s
% f o r author in the absence o f one .
%

25 % This BibTeX s t y l e has support f o r shor t ( year only ) c i t a t i o n s . This
% i s done by having the c i t a t i o n s a c t u a l l y look l i k e
% \ citename {name− i n fo , }year
% The LaTeX s t y l e has to have the f o l l o w i n g
% \ l e t \ @ i n t e r n a l c i t e \ c i t e

30 % \ de f \ c i t e {\ de f \ citename##1{##1}\@ i n t e r n a l c i t e }
% \ de f \ s h o r t c i t e {\ de f \ citename##1{}\@ i n t e r n a l c i t e }
% \ de f \@biblabe l#1{\de f \ citename##1{##1}[#1]\ h f i l l }
% which makes \ s h o r t c i t e the macro f o r shor t c i t a t i o n s .

35 %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
% Changes made by SMS f o r t h e s i s s t y l e
% no emphasis on ” et a l . ”
% ”Ph .D. ” i n c l u d e s pe r i od s ( not ”PhD”)
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% moved year to immediately a f t e r author ’ s name
40 %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

ENTRY
{ address

author
b o o k t i t l e

45 chapter
e d i t i o n
e d i t o r
howpublished
i n s t i t u t i o n

50 j o u r n a l
key
month
note
number

55 o r g a n i z a t i o n
pages
p u b l i s h e r
s choo l
s e r i e s

60 t i t l e
type
volume
year

}
65 {}

{ l a b e l ext ra . l a b e l s o r t . l a b e l }

INTEGERS { output . s t a t e be f o r e . a l l mid . s entence a f t e r . s entence a f t e r . b lock }

70 FUNCTION { i n i t . s t a t e . cons t s }
{ #0 ’ be f o r e . a l l :=

#1 ’ mid . sentence :=
#2 ’ a f t e r . s entence :=
#3 ’ a f t e r . b lock :=

75 }

STRINGS { s t }

FUNCTION {output . nonnul l }
80 { ’ s :=

output . s t a t e mid . sentence =
{ ” , ” ∗ wri te$ }
{ output . s t a t e a f t e r . b lock =

{ add . per iod$ wr i te$
85 newl ine$

”\newblock ” wr i t e$
}
{ output . s t a t e be f o r e . a l l =

’ wr i t e$
90 { add . per iod$ ” ” ∗ wr i te$ }

i f $
}

i f $
mid . sentence ’ output . s t a t e :=

95 }
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i f $
s

}

100 FUNCTION {output}
{ dup l i c a t e$ empty$

’ pop$
’ output . nonnul l

i f $
105 }

FUNCTION {output . check}
{ ’ t :=

dup l i c a t e$ empty$
110 { pop$ ”empty ” t ∗ ” in ” ∗ c i t e $ ∗ warning$ }

’ output . nonnul l
i f $

}

115 FUNCTION {output . bibitem }
{ newl ine$

”\ bibitem [ ” wr i te$
l a b e l wr i t e$

120 ” ]{” wr i te$

c i t e $ wr i te$
”}” wr i te$
newl ine$

125 ””
be f o r e . a l l ’ output . s t a t e :=

}

FUNCTION { f i n . entry }
130 { add . per iod$

wri te$
newl ine$

}

135 FUNCTION {new . block }
{ output . s t a t e be f o r e . a l l =

’ sk ip$
{ a f t e r . b lock ’ output . s t a t e := }

i f $
140 }

FUNCTION {new . sentence }
{ output . s t a t e a f t e r . b lock =

’ sk ip$
145 { output . s t a t e be f o r e . a l l =

’ sk ip$
{ a f t e r . s entence ’ output . s t a t e := }

i f $
}

150 i f $
}
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FUNCTION {not}
{ { #0 }

155 { #1 }
i f $

}

FUNCTION {and}
160 { ’ sk ip$

{ pop$ #0 }
i f $

}

165 FUNCTION { or }
{ { pop$ #1 }

’ sk ip$
i f $

}
170

FUNCTION {new . block . checka}
{ empty$

’ sk ip$
’ new . b lock

175 i f $
}

FUNCTION {new . block . checkb}
{ empty$

180 swap$ empty$
and

’ sk ip$
’ new . b lock

i f $
185 }

FUNCTION {new . sentence . checka}
{ empty$

’ sk ip$
190 ’ new . sentence

i f $
}

FUNCTION {new . sentence . checkb}
195 { empty$

swap$ empty$
and

’ sk ip$
’ new . sentence

200 i f $
}

FUNCTION { f i e l d . or . n u l l }
{ dup l i c a t e$ empty$

205 { pop$ ”” }
’ sk ip$

i f $
}
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210 FUNCTION { emphasize}
{ dup l i c a t e$ empty$

{ pop$ ”” }
{ ”{\em ” swap$ ∗ ”}” ∗ }

i f $
215 }

INTEGERS { nameptr names l e f t numnames }

FUNCTION { format . names}
220 { ’ s :=

#1 ’ nameptr :=
s num. names$ ’numnames :=
numnames ’ names l e f t :=

{ names l e f t #0 > }
225

{ s nameptr ”{ f f ˜}{vv˜}{ l l }{ , j j }” format . name$ ’ t :=

nameptr #1 >
{ names l e f t #1 >

230 { ” , ” ∗ t ∗ }
{ numnames #2 >

{ ” ,” ∗ }
’ sk ip$

i f $
235 t ” o the r s ” =

{ ” et ˜ a l . ” ∗ }
{ ” and ” ∗ t ∗ }

i f $
}

240 i f $
}
’ t

i f $
nameptr #1 + ’ nameptr :=

245 names l e f t #1 − ’ names l e f t :=
}

whi le$
}

250 FUNCTION { format . authors }
{ author empty$

{ ”” }
{ author format . names }

i f $
255 }

FUNCTION { format . e d i t o r s }
{ e d i t o r empty$

{ ”” }
260 { e d i t o r format . names

e d i t o r num. names$ #1 >
{ ” , e d i t o r s ” ∗ }
{ ” , e d i t o r ” ∗ }

i f $
265 }

i f $
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}

FUNCTION { format . t i t l e }
270 { t i t l e empty$

{ ”” }

{ t i t l e ” t ” change . case$ }

275 i f $
}

FUNCTION {n . da sh i f y }
{ ’ t :=

280 ””
{ t empty$ not }
{ t #1 #1 subs t r i ng$ ”−” =

{ t #1 #2 subs t r i ng$ ”−−” = not
{ ”−−” ∗

285 t #2 g l o b a l . max$ subs t r i ng$ ’ t :=
}
{ { t #1 #1 subs t r i ng$ ”−” = }

{ ”−” ∗
t #2 g l o b a l . max$ subs t r i ng$ ’ t :=

290 }
whi le$

}
i f $

}
295 { t #1 #1 subs t r i ng$ ∗

t #2 g l o b a l . max$ subs t r ing$ ’ t :=
}

i f $
}

300 whi le$
}

FUNCTION { format . date }
{ year empty$

305 { month empty$
{ ”” }
{ ” there ’ s a month but no year in ” c i t e $ ∗ warning$

month
}

310 i f $
}
{ month empty$

{ ”” }
{ month }

315 i f $
}

i f $
}

320 FUNCTION { format . b t i t l e }
{ t i t l e emphasize
}
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FUNCTION { t i e . or . space . connect }
325 { dup l i c a t e$ t ex t . l ength$ #3 <

{ ”˜” }
{ ” ” }

i f $
swap$ ∗ ∗

330 }

FUNCTION { e i t h e r . or . check}
{ empty$

’ pop$
335 { ”can ’ t use both ” swap$ ∗ ” f i e l d s in ” ∗ c i t e $ ∗ warning$ }

i f $
}

FUNCTION { format . bvolume}
340 { volume empty$

{ ”” }
{ ”volume” volume t i e . or . space . connect

s e r i e s empty$
’ sk ip$

345 { ” o f ” ∗ s e r i e s emphasize ∗ }
i f $
”volume and number” number e i t h e r . or . check

}
i f $

350 }

FUNCTION { format . number . s e r i e s }
{ volume empty$

{ number empty$
355 { s e r i e s f i e l d . or . n u l l }

{ output . s t a t e mid . sentence =
{ ”number” }
{ ”Number” }

i f $
360 number t i e . or . space . connect

s e r i e s empty$
{ ” there ’ s a number but no s e r i e s in ” c i t e $ ∗ warning$ }
{ ” in ” ∗ s e r i e s ∗ }

i f $
365 }

i f $
}
{ ”” }

i f $
370 }

FUNCTION { format . e d i t i o n }
{ e d i t i o n empty$

{ ”” }
375 { output . s t a t e mid . sentence =

{ e d i t i o n ” l ” change . case$ ” e d i t i o n ” ∗ }
{ e d i t i o n ” t ” change . case$ ” e d i t i o n ” ∗ }

i f $
}

380 i f $
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}

INTEGERS { m u l t i r e s u l t }

385 FUNCTION {mult i . page . check}
{ ’ t :=

#0 ’ m u l t i r e s u l t :=
{ m u l t i r e s u l t not

t empty$ not
390 and

}
{ t #1 #1 subs t r i ng$

dup l i c a t e$ ”−” =
swap$ dup l i c a t e$ ” ,” =

395 swap$ ”+” =
or or

{ #1 ’ m u l t i r e s u l t := }
{ t #2 g l o b a l . max$ subs t r ing$ ’ t := }

i f $
400 }

whi le$
m u l t i r e s u l t

}

405 FUNCTION { format . pages }
{ pages empty$

{ ”” }
{ pages mult i . page . check

{ ” pages ” pages n . da sh i f y t i e . or . space . connect }
410 { ”page” pages t i e . or . space . connect }

i f $
}

i f $
}

415

FUNCTION { format . year . l a b e l }
{ year ext ra . l a b e l ∗
}

420 FUNCTION { format . vo l .num. pages }
{ volume f i e l d . or . n u l l

number empty$
’ sk ip$
{ ”(” number ∗ ”) ” ∗ ∗

425 volume empty$
{ ” there ’ s a number but no volume in ” c i t e $ ∗ warning$ }
’ sk ip$

i f $
}

430 i f $
pages empty$

’ sk ip$
{ dup l i c a t e$ empty$

{ pop$ format . pages }
435 { ” :” ∗ pages n . da sh i f y ∗ }

i f $
}

38



clive-core doc/acl.bst

i f $
}

440

FUNCTION { format . chapter . pages }
{ chapter empty$

’ format . pages
{ type empty$

445 { ” chapter ” }
{ type ” l ” change . case$ }

i f $
chapter t i e . or . space . connect
pages empty$

450 ’ sk ip$
{ ” , ” ∗ format . pages ∗ }

i f $
}

i f $
455 }

FUNCTION { format . in . ed . b o o k t i t l e }
{ b o o k t i t l e empty$

{ ”” }
460 { e d i t o r empty$

{ ” In ” b o o k t i t l e emphasize ∗ }
{ ” In ” format . e d i t o r s ∗ ” , ” ∗ b o o k t i t l e emphasize ∗ }

i f $
}

465 i f $
}

FUNCTION {empty . misc . check}
{ author empty$ t i t l e empty$ howpublished empty$

470 month empty$ year empty$ note empty$
and and and and and

key empty$ not and

475 { ” a l l r e l e v a n t f i e l d s are empty in ” c i t e $ ∗ warning$ }
’ sk ip$

i f $
}

480 FUNCTION { format . t h e s i s . type}
{ type empty$

’ sk ip$
{ pop$

type ” t ” change . case$
485 }

i f $
}

FUNCTION { format . t r . number}
490 { type empty$

{ ” Technica l Report” }
’ type

i f $
number empty$
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495 { ” t ” change . case$ }
{ number t i e . or . space . connect }

i f $
}

500 FUNCTION { format . a r t i c l e . c r o s s r e f }
{ key empty$

{ j o u r n a l empty$
{ ”need key or j o u r n a l f o r ” c i t e $ ∗ ” to c r o s s r e f ” ∗ c r o s s r e f ∗

warning$
505 ””

}
{ ” In {\em ” j o u r n a l ∗ ”\/}” ∗ }

i f $
}

510 { ” In ” key ∗ }
i f $
” \ c i t e {” ∗ c r o s s r e f ∗ ”}” ∗

}

515 FUNCTION { format . c r o s s r e f . e d i t o r }
{ e d i t o r #1 ”{vv˜}{ l l }” format . name$

e d i t o r num. names$ dup l i c a t e$
#2 >

{ pop$ ” et ˜ a l . ” ∗ }
520 { #2 <

’ sk ip$
{ e d i t o r #2 ”{ f f }{vv }{ l l }{ j j }” format . name$ ” othe r s ” =

{ ” et ˜ a l . ” ∗ }
{ ” and ” ∗ e d i t o r #2 ”{vv˜}{ l l }” format . name$ ∗ }

525 i f $
}

i f $
}

i f $
530 }

FUNCTION { format . book . c r o s s r e f }
{ volume empty$

{ ”empty volume in ” c i t e $ ∗ ” ’ s c r o s s r e f o f ” ∗ c r o s s r e f ∗ warning$
535 ” In ”

}
{ ”Volume” volume t i e . or . space . connect

” o f ” ∗
}

540 i f $
e d i t o r empty$
e d i t o r f i e l d . or . n u l l author f i e l d . or . n u l l =
or

{ key empty$
545 { s e r i e s empty$

{ ”need ed i to r , key , or s e r i e s f o r ” c i t e $ ∗ ” to c r o s s r e f ” ∗
c r o s s r e f ∗ warning$
”” ∗

}
550 { ”{\em ” ∗ s e r i e s ∗ ”\/}” ∗ }

i f $
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}
{ key ∗ }

i f $
555 }

{ format . c r o s s r e f . e d i t o r ∗ }
i f $
” \ c i t e {” ∗ c r o s s r e f ∗ ”}” ∗

}
560

FUNCTION { format . i n c o l l . inproc . c r o s s r e f }
{ e d i t o r empty$

e d i t o r f i e l d . or . n u l l author f i e l d . or . n u l l =
or

565 { key empty$
{ b o o k t i t l e empty$

{ ”need ed i to r , key , or b o o k t i t l e f o r ” c i t e $ ∗ ” to c r o s s r e f ” ∗
c r o s s r e f ∗ warning$
””

570 }
{ ” In {\em ” b o o k t i t l e ∗ ”\/}” ∗ }

i f $
}
{ ” In ” key ∗ }

575 i f $
}
{ ” In ” format . c r o s s r e f . e d i t o r ∗ }

i f $
” \ c i t e {” ∗ c r o s s r e f ∗ ”}” ∗

580 }

FUNCTION { a r t i c l e }
{ output . bibitem

format . authors ” author ” output . check
585 new . block

format . year . l a b e l ” year ” output . check
new . block
format . t i t l e ” t i t l e ” output . check
new . block

590 c r o s s r e f miss ing$
{ j o u r n a l emphasize ” j o u r n a l ” output . check

format . vo l .num. pages output
format . date output

}
595 { format . a r t i c l e . c r o s s r e f output . nonnul l

format . pages output
}

i f $
new . block

600 note output
f i n . entry

}

FUNCTION {book}
605 { output . bibitem

author empty$
{ format . e d i t o r s ” author and e d i t o r ” output . check }
{ format . authors output . nonnul l
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c r o s s r e f miss ing$
610 { ” author and e d i t o r ” e d i t o r e i t h e r . or . check }

’ sk ip$
i f $

}
i f $

615 new . block
format . year . l a b e l ” year ” output . check
new . block
format . b t i t l e ” t i t l e ” output . check
c r o s s r e f miss ing$

620 { format . bvolume output
new . block
format . number . s e r i e s output
new . sentence
p u b l i s h e r ” p u b l i s h e r ” output . check

625 address output
}
{ new . block

format . book . c r o s s r e f output . nonnul l
}

630 i f $
format . e d i t i o n output
format . date output
new . block
note output

635 f i n . entry
}

FUNCTION { book le t }
{ output . bibitem

640 format . authors output
new . block
format . year . l a b e l ” year ” output . check
new . block
format . t i t l e ” t i t l e ” output . check

645 howpublished address new . block . checkb
howpublished output
address output
format . date output
new . block

650 note output
f i n . entry

}

FUNCTION { inbook}
655 { output . bibitem

author empty$
{ format . e d i t o r s ” author and e d i t o r ” output . check }
{ format . authors output . nonnul l

c r o s s r e f miss ing$
660 { ” author and e d i t o r ” e d i t o r e i t h e r . or . check }

’ sk ip$
i f $

}
i f $

665 format . year . l a b e l ” year ” output . check
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new . block
new . block
format . b t i t l e ” t i t l e ” output . check
c r o s s r e f miss ing$

670 { format . bvolume output
format . chapter . pages ” chapter and pages ” output . check
new . block
format . number . s e r i e s output
new . sentence

675 p u b l i s h e r ” p u b l i s h e r ” output . check
address output

}
{ format . chapter . pages ” chapter and pages ” output . check

new . block
680 format . book . c r o s s r e f output . nonnul l

}
i f $
format . e d i t i o n output
format . date output

685 new . block
note output
f i n . entry

}

690 FUNCTION { i n c o l l e c t i o n }
{ output . bibitem

format . authors ” author ” output . check
new . block
format . year . l a b e l ” year ” output . check

695 new . block
format . t i t l e ” t i t l e ” output . check
new . block
c r o s s r e f miss ing$

{ format . in . ed . b o o k t i t l e ” b o o k t i t l e ” output . check
700 format . bvolume output

format . number . s e r i e s output
format . chapter . pages output
new . sentence
p u b l i s h e r ” p u b l i s h e r ” output . check

705 address output
format . e d i t i o n output
format . date output

}
{ format . i n c o l l . inproc . c r o s s r e f output . nonnul l

710 format . chapter . pages output
}

i f $
new . block
note output

715 f i n . entry
}

FUNCTION { i np roc e ed ing s }
{ output . bibitem

720 format . authors ” author ” output . check
new . block
format . year . l a b e l ” year ” output . check
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new . block
format . t i t l e ” t i t l e ” output . check

725 new . block
c r o s s r e f miss ing$

{ format . in . ed . b o o k t i t l e ” b o o k t i t l e ” output . check
format . bvolume output
format . number . s e r i e s output

730 format . pages output
address empty$

{ o r g a n i z a t i o n p u b l i s h e r new . sentence . checkb
o r g a n i z a t i o n output
p u b l i s h e r output

735 format . date output
}
{ address output . nonnul l

format . date output
new . sentence

740 o r g a n i z a t i o n output
p u b l i s h e r output

}
i f $

}
745 { format . i n c o l l . inproc . c r o s s r e f output . nonnul l

format . pages output
}

i f $
new . block

750 note output
f i n . entry

}

FUNCTION { con f e r ence } { i np roc e ed ing s }
755

FUNCTION {manual}
{ output . bibitem

author empty$
{ o r g a n i z a t i o n empty$

760 ’ sk ip$
{ o r g a n i z a t i o n output . nonnul l

address output
}

i f $
765 }

{ format . authors output . nonnul l }
i f $
format . year . l a b e l ” year ” output . check
new . block

770 new . block
format . b t i t l e ” t i t l e ” output . check
author empty$

{ o r g a n i z a t i o n empty$
{ address new . block . checka

775 address output
}
’ sk ip$

i f $
}
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780 { o r g a n i z a t i o n address new . block . checkb
o r g a n i z a t i o n output
address output

}
i f $

785 format . e d i t i o n output
format . date output
new . block
note output
f i n . entry

790 }

FUNCTION { m a s t e r s t h e s i s }
{ output . bibitem

format . authors ” author ” output . check
795 new . block

format . year . l a b e l ” year ” output . check
new . block
format . t i t l e ” t i t l e ” output . check
new . block

800 ”Master ’ s t h e s i s ” format . t h e s i s . type output . nonnul l
s choo l ” s choo l ” output . check
address output
format . date output
new . block

805 note output
f i n . entry

}

FUNCTION {misc}
810 { output . bibitem

format . authors output
new . block
format . year . l a b e l output
new . block

815 t i t l e howpublished new . block . checkb
format . t i t l e output
howpublished new . block . checka
howpublished output
format . date output

820 new . block
note output
f i n . entry
empty . misc . check

}
825

FUNCTION { phdthes i s }
{ output . bibitem

format . authors ” author ” output . check
new . block

830 format . year . l a b e l ” year ” output . check
new . block
format . b t i t l e ” t i t l e ” output . check
new . block
”{Ph .D.} t h e s i s ” format . t h e s i s . type output . nonnul l

835 s choo l ” s choo l ” output . check
address output
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format . date output
new . block
note output

840 f i n . entry
}

FUNCTION { proceed ings }
{ output . bibitem

845 e d i t o r empty$
{ o r g a n i z a t i o n output }
{ format . e d i t o r s output . nonnul l }

i f $
new . block

850 format . year . l a b e l ” year ” output . check
new . block
format . b t i t l e ” t i t l e ” output . check
format . bvolume output
format . number . s e r i e s output

855 address empty$
{ e d i t o r empty$

{ p u b l i s h e r new . sentence . checka }
{ o r g a n i z a t i o n p u b l i s h e r new . sentence . checkb

o r g a n i z a t i o n output
860 }

i f $
p u b l i s h e r output
format . date output

}
865 { address output . nonnul l

format . date output
new . sentence
e d i t o r empty$

’ sk ip$
870 { o r g a n i z a t i o n output }

i f $
p u b l i s h e r output

}
i f $

875 new . block
note output
f i n . entry

}

880 FUNCTION { t e ch r epo r t }
{ output . bibitem

format . authors ” author ” output . check
new . block
format . year . l a b e l ” year ” output . check

885 new . block
format . t i t l e ” t i t l e ” output . check
new . block
format . t r . number output . nonnul l
i n s t i t u t i o n ” i n s t i t u t i o n ” output . check

890 address output
format . date output
new . block
note output
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f i n . entry
895 }

FUNCTION {unpubl ished }
{ output . bibitem

format . authors ” author ” output . check
900 new . block

format . year . l a b e l ” year ” output . check
new . block
format . t i t l e ” t i t l e ” output . check
new . block

905 note ” note ” output . check
format . date output
f i n . entry

}

910 FUNCTION { d e f a u l t . type} { misc }

MACRO { jan } {” January ”}

MACRO { f eb } {” February ”}
915

MACRO {mar} {”March”}

MACRO {apr} {” Apr i l ”}

920 MACRO {may} {”May”}

MACRO { jun} {”June”}

MACRO { j u l } {” July ”}
925

MACRO {aug} {”August”}

MACRO { sep } {” September ”}

930 MACRO { oct } {” October ”}

MACRO {nov} {”November”}

MACRO {dec} {”December”}
935

MACRO {acmcs} {”ACM Computing Surveys ”}

MACRO { acta } {”Acta In fo rmat i ca ”}

940 MACRO {cacm} {”Communications o f the ACM”}

MACRO { ibmjrd} {”IBM Journal o f Research and Development”}

MACRO { ibmsj } {”IBM Systems Journal ”}
945

MACRO { i e e e s e } {”IEEE Transact ions on Software Engineer ing ”}

MACRO { i e e e t c } {”IEEE Transact ions on Computers”}

950 MACRO { i e e e t c a d }
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{”IEEE Transact ions on Computer−Aided Design o f In t eg ra t ed C i r c u i t s ”}

MACRO { i p l } {” Informat ion Proce s s ing L e t t e r s ”}

955 MACRO { jacm} {” Journal o f the ACM”}

MACRO { j c s s } {” Journal o f Computer and System Sc i enc e s ”}

MACRO { scp } {” Sc i ence o f Computer Programming”}
960

MACRO { sicomp} {”SIAM Journal on Computing”}

MACRO { t o c s } {”ACM Transact ions on Computer Systems ”}

965 MACRO { tods } {”ACM Transact ions on Database Systems ”}

MACRO { tog } {”ACM Transact ions on Graphics ”}

MACRO {toms} {”ACM Transact ions on Mathematical Software ”}
970

MACRO { t o o i s } {”ACM Transact ions on O f f i c e In format ion Systems ”}

MACRO { t o p l a s } {”ACM Transact ions on Programming Languages and Systems ”}

975 MACRO { t c s } {” Theo r e t i c a l Computer Sc i ence ”}

READ

FUNCTION { s o r t i f y }
980 { pur i f y$

” l ” change . case$
}

INTEGERS { l en }
985

FUNCTION {chop . word}
{ ’ s :=

’ l en :=
s #1 len subs t r i ng$ =

990 { s l en #1 + g l o b a l . max$ subs t r i ng$ }
’ s

i f $
}

995 INTEGERS { et . a l . char . used }

FUNCTION { i n i t i a l i z e . e t . a l . char . used}
{ #0 ’ et . a l . char . used :=
}

1000

EXECUTE { i n i t i a l i z e . e t . a l . char . used}

FUNCTION { format . lab . names}
{ ’ s :=

1005 s num. names$ ’numnames :=

numnames #1 =
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{ s #1 ”{vv }{ l l }” format . name$ }
{ numnames #2 =

1010 { s #1 ”{vv }{ l l }and ” format . name$ s #2 ”{vv }{ l l }” format . name$ ∗
}
{ s #1 ”{vv }{ l l }\bgroup et a l .\ egroup ” format . name$ }

i f $
}

1015 i f $

}

FUNCTION { author . key . l a b e l }
1020 { author empty$

{ key empty$

{ c i t e $ #1 #3 subs t r i ng$ }

1025 { key #3 text . p r e f i x$ }
i f $

}
{ author format . lab . names }

i f $
1030 }

FUNCTION { author . e d i t o r . key . l a b e l }
{ author empty$

{ e d i t o r empty$
1035 { key empty$

{ c i t e $ #1 #3 subs t r i ng$ }

{ key #3 text . p r e f i x$ }
1040 i f $

}
{ e d i t o r format . lab . names }

i f $
}

1045 { author format . lab . names }
i f $

}

FUNCTION { author . key . o r g a n i z a t i o n . l a b e l }
1050 { author empty$

{ key empty$
{ o r g a n i z a t i o n empty$

{ c i t e $ #1 #3 subs t r i ng$ }
1055

{ ”The ” #4 o r g a n i z a t i o n chop . word #3 text . p r e f i x$ }
i f $

}
{ key #3 text . p r e f i x$ }

1060 i f $
}
{ author format . lab . names }

i f $
}
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1065

FUNCTION { e d i t o r . key . o r g a n i z a t i o n . l a b e l }
{ e d i t o r empty$

{ key empty$
{ o r g a n i z a t i o n empty$

1070

{ c i t e $ #1 #3 subs t r i ng$ }

{ ”The ” #4 o r g a n i z a t i o n chop . word #3 text . p r e f i x$ }
i f $

1075 }
{ key #3 text . p r e f i x$ }

i f $
}
{ e d i t o r format . lab . names }

1080 i f $
}

FUNCTION { c a l c . l a b e l }
{ type$ ”book” =

1085 type$ ” inbook ” =
or

’ author . e d i t o r . key . l a b e l
{ type$ ” proceed ings ” =

’ e d i t o r . key . o r g a n i z a t i o n . l a b e l
1090 { type$ ”manual” =

’ author . key . o r g a n i z a t i o n . l a b e l
’ author . key . l a b e l

i f $
}

1095 i f $
}

i f $
dup l i c a t e$

1100 ”\ pro t e c t \ citename {” swap$ ∗ ”}” ∗
year f i e l d . or . n u l l pu r i f y$ ∗
’ l a b e l :=
year f i e l d . or . n u l l pu r i f y$ ∗

1105 s o r t i f y ’ s o r t . l a b e l :=
}

FUNCTION { s o r t . format . names}
{ ’ s :=

1110 #1 ’ nameptr :=
””
s num. names$ ’numnames :=
numnames ’ names l e f t :=

{ names l e f t #0 > }
1115 { nameptr #1 >

{ ” ” ∗ }
’ sk ip$

i f $

1120 s nameptr ”{vv{ } }{ l l { }}{ f f { }}{ j j { }}” format . name$ ’ t :=
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nameptr numnames = t ” othe r s ” = and
{ ” et a l ” ∗ }
{ t s o r t i f y ∗ }

1125 i f $
nameptr #1 + ’ nameptr :=
names l e f t #1 − ’ names l e f t :=

}
whi le$

1130 }

FUNCTION { s o r t . format . t i t l e }
{ ’ t :=

”A ” #2
1135 ”An ” #3

”The ” #4 t chop . word
chop . word

chop . word
s o r t i f y

1140 #1 g l o b a l . max$ subs t r i ng$
}

FUNCTION { author . s o r t }
{ author empty$

1145 { key empty$
{ ” to sort , need author or key in ” c i t e $ ∗ warning$

””
}
{ key s o r t i f y }

1150 i f $
}
{ author s o r t . format . names }

i f $
}

1155

FUNCTION { author . e d i t o r . s o r t }
{ author empty$

{ e d i t o r empty$
{ key empty$

1160 { ” to sort , need author , ed i to r , or key in ” c i t e $ ∗ warning$
””

}
{ key s o r t i f y }

i f $
1165 }

{ e d i t o r s o r t . format . names }
i f $

}
{ author s o r t . format . names }

1170 i f $
}

FUNCTION { author . o r g a n i z a t i o n . s o r t }
{ author empty$

1175 { o r g a n i z a t i o n empty$
{ key empty$

{ ” to sort , need author , o rgan i za t i on , or key in ” c i t e $ ∗ warning$
””
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}
1180 { key s o r t i f y }

i f $
}
{ ”The ” #4 o r g a n i z a t i o n chop . word s o r t i f y }

i f $
1185 }

{ author s o r t . format . names }
i f $

}

1190 FUNCTION { e d i t o r . o r g a n i z a t i o n . s o r t }
{ e d i t o r empty$

{ o r g a n i z a t i o n empty$
{ key empty$

{ ” to sort , need ed i to r , o rgan i za t i on , or key in ” c i t e $ ∗ warning$
1195 ””

}
{ key s o r t i f y }

i f $
}

1200 { ”The ” #4 o r g a n i z a t i o n chop . word s o r t i f y }
i f $

}
{ e d i t o r s o r t . format . names }

i f $
1205 }

FUNCTION { p r e s o r t }

{ c a l c . l a b e l
1210 s o r t . l a b e l

” ”
∗
type$ ”book” =

1215 type$ ” inbook ” =
or

’ author . e d i t o r . s o r t
{ type$ ” proceed ings ” =

’ e d i t o r . o r g a n i z a t i o n . s o r t
1220 { type$ ”manual” =

’ author . o r g a n i z a t i o n . s o r t
’ author . s o r t

i f $
}

1225 i f $
}

i f $

∗
1230

” ”
∗
year f i e l d . or . n u l l s o r t i f y
∗

1235 ” ”
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∗
t i t l e f i e l d . or . n u l l
s o r t . format . t i t l e
∗

1240 #1 entry . max$ subs t r i ng$
’ s o r t . key$ :=

}

ITERATE { p r e s o r t }
1245

SORT

STRINGS { l o n g e s t . l a b e l l a s t . s o r t . l a b e l next . ext ra }

1250 INTEGERS { l o n g e s t . l a b e l . width l a s t . ext ra .num }

FUNCTION { i n i t i a l i z e . l o n g e s t . l a b e l }
{ ”” ’ l o n g e s t . l a b e l :=

#0 i n t . to . chr$ ’ l a s t . s o r t . l a b e l :=
1255 ”” ’ next . ext ra :=

#0 ’ l o n g e s t . l a b e l . width :=
#0 ’ l a s t . ext ra .num :=

}

1260 FUNCTION { forward . pass }
{ l a s t . s o r t . l a b e l s o r t . l a b e l =

{ l a s t . ext ra .num #1 + ’ l a s t . ext ra .num :=
l a s t . ext ra .num i n t . to . chr$ ’ ext ra . l a b e l :=

}
1265 { ”a” chr . to . i n t$ ’ l a s t . ext ra .num :=

”” ’ ext ra . l a b e l :=
s o r t . l a b e l ’ l a s t . s o r t . l a b e l :=

}
i f $

1270 }

FUNCTION { r e v e r s e . pass }
{ next . ext ra ”b” =

{ ”a” ’ ext ra . l a b e l := }
1275 ’ sk ip$

i f $
l a b e l ext ra . l a b e l ∗ ’ l a b e l :=
l a b e l width$ l o n g e s t . l a b e l . width >

{ l a b e l ’ l o n g e s t . l a b e l :=
1280 l a b e l width$ ’ l o n g e s t . l a b e l . width :=

}
’ sk ip$

i f $
ext ra . l a b e l ’ next . ext ra :=

1285 }

EXECUTE { i n i t i a l i z e . l o n g e s t . l a b e l }

ITERATE { forward . pass }
1290

REVERSE { r e v e r s e . pass }
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FUNCTION {begin . bib }

1295 { et . a l . char . used
{ ”\newcommand{\ e t a l c h a r } [ 1 ] { $ˆ{#1}$}” wr i t e$ newl ine$ }
’ sk ip$

i f $
preamble$ empty$

1300

’ sk ip$
{ preamble$ wr i te$ newl ine$ }

i f $

1305 ”\ begin { theb ib l i og raphy }{” ”}” ∗ wri te$ newl ine$

}

EXECUTE {begin . bib }
1310

EXECUTE { i n i t . s t a t e . cons t s }

ITERATE { c a l l . type$}

1315 FUNCTION {end . bib }
{ newl ine$

”\end{ theb ib l i og raphy }” wr i t e$ newl ine$
}

1320 EXECUTE {end . bib }

18 doc/getting-started.md

−−−

t i t l e : Gett ing s t a r t e d with Cl ive
author : Claude Heiland −Allen
date : 2018−09−03

5 c l a s s o p t i o n : a s p e c t r a t i o =149
f o n t f a m i l y : l a t o
f o n t f a m i l y o p t i o n s : d e f a u l t
f o n t s i z e : 14 pt
header− i n c l u d e s :

10 − \ d e f i n e c o l o r {mathr}{ rgb }{0 .5 , 0 . 25 , 0 .25}
− \useco lortheme [ named=mathr ]{ s t r u c t u r e }

−−−

# Getting s t a r t e d with Cl ive
15

− Linux only ( so r ry )

− i n s t a l l dependencies , c o n f i g u r e sudo and JACK

20 − c l one the r e p o s i t o r y

− launching , e x i t i n g

− an example
25

## Dependencies

54



clive-core doc/getting-started.md

Debian

30 # apt i n s t a l l \
sudo g i t ca− c e r t i f i c a t e s \
bui ld − e s s e n t i a l pkg− c o n f i g \
l i b j a c k − jackd2 −dev q j a c k c t l \
c p u f r e q u t i l s ecasound \

35 xterm htop geany \
python−pygments

## Conf igur ing ‘ sudo ‘ f o r ‘ c p u f r e q u t i l s ‘

40 Replace ‘ claude ‘ with your username and ‘ l a t t e ‘ with your machine name :

$ sudo visudo / e tc / sudoers . d/ cpufreq − s e t
c laude l a t t e = ( root ) NOPASSWD: \

/ usr / bin / cpufreq − s e t
45

The f i l e contents should be one l i n e without ‘\ ‘ , j u s t s p l i t to f i t s l i d e s !

This a l l ows to change CPU frequency governor without password .

50 ## Conf igur ing ‘JACK‘ f o r r ea l t ime

Provided by JACK packaging on Debian :

$ cat / e t c / s e c u r i t y / l i m i t s . d/ audio . conf
55 @audio − r t p r i o 95

@audio − memlock un l imi ted

To check that you are in the audio group :

60 $ groups

## Download ‘ c l i v e ‘ r e p o s i t o r y

g i t c l one https : // code . mathr . co . uk/ c l i v e −core . g i t
65 cd c l i v e −core

g i t c o n f i g user . emai l ”you@example . com”
g i t c o n f i g user . name ”Your Name”

## Launching
70

Launch ‘ q j a ckc t l ‘ and c o n f i g u r e your sound card .

Launch ‘ c l i v e ‘ :

75 cd c l i v e −core / s r c
. / s t a r t . sh

After a shor t delay , the re should be 2 te rmina l windows on the l e f t and
the ‘ geany ‘ t ex t e d i t o r which can be r e s i z e d to f i t on the r i g h t .

80

Edit ‘ go . c ‘ , p r e s s Ctrl −S to save , which w i l l r ecompi l e and re l oad the
code .
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## Exit ing
85

− Ctrl −C in the te rmina l running ‘ . / s t a r t . sh ‘

− Stop and rewind JACK transpor t

90 − ‘ g i t checkout master ‘

## Example : a metronome

g i t checkout o r i g i n /metronome
95 g i t checkout −b metronome

## Example : a metronome

\ f o n t s i z e {12 pt }{13}\ s e l e c t f o n t
100

‘ ‘ ‘C
#d e f i n e SR 48000
#inc lude ”dsp . h”

105 typede f s t r u c t {
i n t re loaded ;
PHASOR clock , osc ;

} S ;

110 i n t go (S ∗ s , i n t channels , const f l o a t ∗ in , f l o a t ∗out ) {
i f ( s−>r e loaded ) { s−>r e loaded = 0 ; }
double env = phasor(&s−>c lock , 125/60 .0) < 0 . 2 5 ;
double osc = s i n ( twopi ∗ phasor(&s−>osc , 440) ) ;
double o = env ∗ osc ;

115 f o r ( i n t c = 0 ; c < channe l s ; ++c ) { out [ c ] = o ; }
re turn 0 ;

}
‘ ‘ ‘

120 ## Cl ive l i n k s

− <claude@mathr . co . uk>

− <https : // mathr . co . uk/ c l i v e >

19 doc/.gitignore

∗ . aux
∗ . bbl
∗ . b lg
∗ . l og

5 ∗ . out
∗ . pdf

20 doc/lac2018.sty

%
% lac2018 . s ty
%
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\ typeout {}
5 \ typeout {LAC2018 Proceed ings s t y l e −− January 2018}

%\typeout { only s l i g h t l y d i f f e r e n t from}
%\typeout {Col ing 2004 Proceedings s t y l e −− February 2004}
%\typeout { only s l i g h t l y d i f f e r e n t from}
%\typeout {ACL−COLING 1998 Proceed ings s t y l e −− March 31 s t 1998}

10 \ typeout {}
%
% −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

%
% This i s the LaTeX s t y l e f i l e f o r the Linux Audio Conference

15 % I t i s an almost unmodif ied copy o f c o l a c l . sty , the s t y l e f i l e
% o f Col ing ( I n t e r n a t i o n a l Conference on Computational L i n g u i s t i c s ) .
% Many thanks to Col ing f o r t h e i r permis s ion to use i t !
% The o r i g i n a l may be found here :
% http ://www. i s s c o . unige . ch/ co l ing2004 / col ing2004downloads . html

20 %
% −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

%
% This i s the LaTeX s t y l e f i l e f o r ACL−COLING 1998 . I t i s based on
% a s e r i e s o f s i m i l a r f i l e s prepared f o r prev ious c o n f e r e n c e s by

25 % Fernando Pere i ra , Paul Jacobs , Stuart Shieber , Peter F .
% Patel −Schne ider and othe r s . Various changes have been made , c h i e f l y
% to save space in the f i n a l output or remove redundant d e f i n i t i o n s .
%
% c o l a c l . s ty i s des igned f o r use as a package or opt ion with the

30 % standard LaTeX a r t i c l e c l a s s , and the BibTeX s t y l e a c l . bst .
%
% Author/ t i t l e and c i t a t i o n formatt ing d i f f e r s s l i g h t l y from standard
% LaTeX ; see AUTHOR FORMATS and CITATION FORMATS below f o r more
% in format ion .

35 %
% This f i l e i s supp l i ed as a h o p e f u l l y convenient implementation o f
% some o f the ” i n s t r u c t i o n s f o r authors ” repeated below . I t i s not
% guaranteed to work in any given LaTeX i n s t a l l a t i o n or in con junct ion
% with any given c l a s s , package or s ty l e , and i t i s not intended as

40 % a LaTeX t u t o r i a l .
%
% −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

% I n s t r u c t i o n s f o r authors
%

45 % ( i ) Maximum length o f f u l l papers : 8 pages .
%
% ( i i ) Paper s i z e : A4 .
%
% ( i i i ) Margins : s e t so that t ex t l i e s with in a r e c t a n g l e 9 in (23cm)

50 % high and 6 .5 in ( 1 6 . 5cm) wide .
%
% ( iv ) Body o f t ex t to be s e t in two columns . Ful l −width f i g u r e s
% ( i . e . us ing \begin { f i g u r e ∗}) and t a b l e s may be used i f
% nece s sa ry .

55 %
% ( v ) Use standard fonts , e . g . Computer Modern Roman, Times Roman, no
% sma l l e r than 10 pt .
%
% ( v i ) No page numbering .

60 %
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% Items ( i i i ) , ( i v ) and ( v i ) are handled by t h i s f i l e , and should
% t h e r e f o r e not be overr idden by r e s e t t i n g \ textwidth , \ t exthe ight ,
% \ page s ty l e e t c . in your document , or by us ing s t y l e s or packages
% which have the same e f f e c t .

65 %
% −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

% To convert papers prepared with c o l a c l s u b . s ty to the f i n a l format
% f o r use with c o l a c l . s ty :
%

70 % (1) Remove commands s p e c i f i c to the o r i g i n a l submiss ion format
% (\ type , \ subject , \ contact , \ conference , \makeidpage ) .
%
% (2) Replace \summary { . . . } with an abst ract , us ing the normal
% abs t r a c t environment , p laced a f t e r \maket i t l e .

75 %
% A simple document template :
%
% \documentclass [ 11 pt , l e t t e r p a p e r ]{ a r t i c l e }
% \usepackage { l ac2012 }

80 % \ t i t l e { . . . }
% \ author { . . . } % see below f o r p o s s i b l e formats
% \begin {document}
% \maket i t l e
% \begin { abs t r a c t }

85 % . . . % contents o f ab s t r a c t
% \end{ abs t r a c t }
% . . . % contents o f a r t i c l e
% \ b i b l i o g r a p h y s t y l e { a c l } % use a c l . bst
% \ b ib l i og raphy { . . . }

90 % \end{document}
%
% Users o f o b s o l e t e LaTeX v e r s i o n s can try :
%
% \documentstyle [ l ac2012 ]{ a r t i c l e } % or [11 pt , lac2012 ]

95 % \ t i t l e { . . . }
% . . .
%
%
% −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

100 % AUTHOR FORMATS
%
% Author in fo rmat ion can be s e t in var i ous s t y l e s .
%
% For s e v e r a l authors from the same i n s t i t u t i o n :

105 % \ author {Author 1 \and . . . \and Author n \\
% Address l i n e \\ . . . \\ Address l i n e }
% i f the names do not f i t we l l on one l i n e use
% Author 1 \\ {\ bf Author 2} \\ . . . \\ {\ bf Author n} \\
%

110 % For authors from d i f f e r e n t i n s t i t u t i o n s :
% \ author {Author 1 \\ Address l i n e \\ . . . \\ Address l i n e
% \And . . . \And
% Author n \\ Address l i n e \\ . . . \\ Address l i n e }
%

115 % To s t a r t a s epara t e ”row” o f authors use \AND, as in
% \ author {Author 1 \\ Address l i n e \\ . . . \\ Address l i n e
% \AND
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% Author 2 \\ Address l i n e \\ . . . \\ Address l i n e \And
% Author 3 \\ Address l i n e \\ . . . \\ Address l i n e }

120 %
% I f the t i t l e and author in fo rmat ion does not f i t in the area a l l o ca t ed ,
% p lace \ s e t l e n g t h \ t i t l e b o x{<new height >} a f t e r \usepackage { c o l a c l } ,
% where <new height> can be something l a r g e r than 2 .0 in
%

125 % −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

% CITATION FORMATS
%
% Three p o s s i b l e c i t a t i o n formats :
% ”\ c i t e { . . . } ” produces a c i t a t i o n l i k e ”( Author , 1999) ”

130 % ”\ s h o r t c i t e { . . . } ” produces a c i t a t i o n l i k e ”(1999) ”
% ”\ newcite { . . . } ” produces a c i t a t i o n l i k e ”Author (1999) ”
%
% Al l three take an opt i on a l argument which can be used to add page
% r e f e r e n c e s , e t c . :

135 % ”\ newcite [ 1 − −6 ]{ . . .}” produces a c i t a t i o n l i k e ”Author (1999 , 1−−6)”
%
% −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

% IF IT DOESN’T WORK
%

140 % The e r r o r message ” F i l e ‘ c o l a c l . sty ’ not found . ” i n d i c a t e s that t h i s
% f i l e has not been i n s t a l l e d in a l o c a t i o n which i s v i s i b l e to your
% LaTeX . Try putt ing i t in the same d i r e c t o r y as your paper , and
% running LaTeX there . Consult your ‘ Local Guide ’ documentation or
% your system admin i s t ra to r to f i n d out how LaTeX sea r che s f o r input

145 % f i l e s .
%
% ”\ documentclass . . . ” i s a LaTeX2e d e c l a r a t i o n . An e r r o r message
% ” Undefined c o n t r o l sequence . ” f o l l owed by a l i n e ending in
% ”\ documentclass ” i n d i c a t e s that you have used t h i s with an o b s o l e t e

150 % LaTeX i n s t a l l a t i o n . Use the ”\ documentstyle ” var i an t shown above .
%
% As a l a s t r e so r t , f o r g e t about c o l a c l . s ty and simply copy the
% f o l l o w i n g l i n e s ( uncommented , obv ious ly ) in to your document be f o r e
% the ”\ begin {document }” :

155 %
% \ s e t l e n g t h \ topmargin {0 .0 in }
% \ s e t l e n g t h \ oddsidemargin {−0.0 in }
% \ s e t l e n g t h \ t ex t he i gh t {9 .0 in }
% \ s e t l e n g t h \ textwidth {6 .5 in }

160 % \ s e t l e n g t h \ columnsep {0 .25 in }
% \ s e t l e n g t h \headheight {0 pt}
% \ s e t l e n g t h \headsep {0 pt}
% \ t h i s p a g e s t y l e {empty}
% \ page s ty l e {empty}

165 % \ f lushbottom
% \twocolumn
% \ s loppy
%
% Some i n t e r a c t i o n s with other packages may s t i l l occur . In order to

170 % remove the page number from the f i r s t page , you may have to p lace the
% ”\ t h i s p a g e s t y l e {empty}” command immediately a f t e r ”\ maket i t l e ” .
%
% −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

% NOTE: Some l a s e r p r i n t e r s have a s e r i o u s problem p r i n t i n g TeX output .
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175 % These p r i n t i n g dev ices , commonly known as ” write −white ” l a s e r
% p r i n t e r s , tend to make c h a r a c t e r s too l i g h t . To get around t h i s
% problem , a darker s e t o f f o n t s must be c rea ted f o r these d e v i c e s .
%
% −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

180 % Phys i ca l page layout − s l i g h t l y modi f i ed from IJCAI by pj
% Phys i ca l page layout − s l i g h t l y modi f i ed by rg f o r LAC
\newlength\myavierh
\ s e t l e n g t h \myavierh {297mm}
%\message{The page he ight i s \ the \ paperhe ight }

185 \ i fd im \ paperhe ight = \myavierh
\message{ ! ! Using ISO−A4 paper}
%% A4paper
\ s e t l e n g t h \ topmargin {0 .0 in }
\ s e t l e n g t h \ oddsidemargin {−0.0 in }

190 \ s e t l e n g t h \ t ex t he i gh t {9 .5 in } %%sm was 9 .0 in
\ s e t l e n g t h \ textwidth {6 .5 in }
\ s e t l e n g t h \ columnsep {0 .25 in }
\newlength\ t i t l e b o x
\ s e t l e n g t h \ t i t l e b o x {2 .0 in } % was 2 .25 in

195 \ s e t l e n g t h \headheight {0 pt}
\ s e t l e n g t h \headsep {0 pt}
\ s e t l e n g t h \ f o o t s k i p {0 pt} % i r r e l e v a n t when no f o o t e r s .

\ e l s e
200 %% US−Let te r

\message{ ! ! Using US−Let te r paper}
\ s e t l e n g t h {\pdfpagewidth }{8 .5 in }
\ s e t l e n g t h {\ pdfpagehe ight }{11 in }
\ s e t l e n g t h \ topmargin {0 .0 in }

205 \ s e t l e n g t h \ oddsidemargin {−0.2 in }
\ s e t l e n g t h \ t ex t he i gh t {8 .8 in }
\ s e t l e n g t h \ textwidth {6 .9 in }
\ s e t l e n g t h \ columnsep {0 .4 in }
\newlength\ t i t l e b o x

210 \ s e t l e n g t h \ t i t l e b o x {2 .1 in }
\ s e t l e n g t h \headheight {0 pt}
\ s e t l e n g t h \headsep {0 pt}
\ s e t l e n g t h \ f o o t s k i p {0 pt} % i r r e l e v a n t when no f o o t e r s .
\ f i

215

\ page s ty l e {empty} % no page numbers
\ t h i s p a g e s t y l e {empty} % no page numbers
\ f lushbottom
\twocolumn

220 \ s loppy

% We’ re never going to need a t ab l e o f contents , so j u s t f l u s h i t to
% save space −−− suggested by drstr ip@sandia −2
\ de f \ addconten t s l i n e#1#2#3{}

225

% −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

% T i t l e s t u f f , taken from deproc .

\ de f \maket i t l e{%
230 \par%

\begingroup%
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\ de f \ the f oo tno t e {\ fnsymbol{ f oo tno t e}}%
\ de f \@makefnmark{\ r l ap {$ˆ{\@thefnmark}$\hss}}%
% no paragraph breaks in \ thanks

235 \ long \ de f \@makefntext##1{%
\ par indent 1em\noindent%
\hbox to 1em{$ˆ{\@thefnmark}$}##1}

\twocolumn [\ @maketit le ] \@thanks%
\endgroup%

240 \ 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 \ l e t \@maketit le \ r e l a x%
\ gdef \@thanks{}\ gdef \@author{}\ gdef \ @ t i t l e{}%
\ l e t \ thanks\ r e l a x }

245 % some v e r t i c a l space removed here : sk ip above and below t i t l e
%
\ de f \@maketit le{%

\vbox to \ t i t l e b o x{%
\ h s i z e \ textwidth \ l i n ew id th \ h s i z e%

250 \ vsk ip 0 .125 in minus 0 .05 in%
\ c e n t e r i n g {\Large\bf \ @ t i t l e \par}%
\ vsk ip 0 .2 in p lus 0 .1 f i l minus 0 .1 in
{\ de f \and{\ unskip \ enspace {\rm and}\ enspace}%
\ de f \And{\end{ tabu la r }\ hss \ egroup \hskip 1 in p lus 2 f i l

255 \hbox to 0pt\bgroup\hss \begin { tabu la r } [ t ]{ c}\ bf}%
\ de f \AND{\end{ tabu la r }\ hss \ egroup \ h f i l \ h f i l \ egroup

\ vsk ip 0 .25 in p lus 1 f i l minus 0 .125 in
\hbox to \ l i n ew id th \bgroup\ l a r g e \ h f i l \ h f i l
\hbox to 0pt\bgroup\hss \begin { tabu la r } [ t ]{ c}\ bf }

260 \hbox to \ l i n ew id th \bgroup\ l a r g e \ h f i l \ h f i l
\hbox to 0pt\bgroup\hss \begin { tabu la r } [ t ]{ c}\ bf \@author

\end{ tabu la r }\ hss \ egroup
\ h f i l \ h f i l \ egroup}

\ vsk ip 0 .3 in p lus 2 f i l minus 0 .1 in
265 }}

% −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

% abstract , changed f o r LAC2005

270 % \ renewenvironment{ abs t r a c t }{\ s e c t i o n ∗{\ c e n t e r l i n e {Abstract }}}{}
\ renewenvironment{ abs t r a c t }{\ s e c t i o n ∗{Abstract }}{}

% −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

% keywords , added f o r LAC2005
275

\ de f \keywords{\ s e c t i o n ∗{Keywords}}

% −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

% bib l i og raphy and c i t a t i o n s
280

% most o f c i t e format i s from ac l sub . s ty by SMS

% don ’ t box c i t a t i o n s , s epara t e with ; and a space
% Replaced f o r mu l t ip l e c i t a t i o n s ( pj )

285 % don ’ t box c i t a t i o n s and a l s o add space , semico lon between mul t ip l e
% c i t a t i o n s
%
\ de f \@citex [#1]#2{\ i f @ f i l e s w \ immediate\wr i t e \@auxout{\ s t r i n g \ c i t a t i o n {#2}}\ f i
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\ de f \@citea {}\@cite {\@for\@citeb :=#2\do
290 {\@citea \ de f \@citea { ; }\@ifunde f ined

{b@\@citeb }{{\ bf ?}\@warning
{Cita t i on ‘\ @citeb ’ on page \ thepage \ space undef ined}}%

{\csname b@\@citeb \endcsname}}}{#1}}

295 % Allow shor t (name− l e s s ) c i t a t i o n s , when used in
% conjunct ion with a b ib l i og raphy s t y l e that c r e a t e s l a b e l s l i k e
% \ citename{<names>, }<year>
%
\ l e t \ @ i n t e r n a l c i t e \ c i t e

300 \ de f \ c i t e {\ de f \ citename##1{##1, }\ @ i n t e r n a l c i t e }
\ de f \ l o n g c i t e {\ de f \ citename##1{##1, }\ @ i n t e r n a l c i t e }

\ de f \ s h o r t c i t e {\ de f \ citename##1{}\@ i n t e r n a l c i t e }
\ de f \newcite {\ de f \ citename##1{{##1}\ (}\ @ i n t e r n a l c i t e b }

305

% Macros f o r \newcite , which l e a v e s name in running text , and i s
% otherwi se l i k e \ s h o r t c i t e .
%
\ de f \@citexb [#1]#2{\ i f @ f i l e s w \ immediate\wr i t e \@auxout{\ s t r i n g \ c i t a t i o n {#2}}\ f i

310 \ de f \@citea {}\@newcite{\@for\@citeb :=#2\do
{\@citea \ de f \@citea { ;\ penal ty \@m\ }\@ifunde f ined

{b@\@citeb }{{\ bf ?}\@warning
{Cita t i on ‘\ @citeb ’ on page \ thepage \ space undef ined}}%

% g j r : hbox causes too many bad l i n e b r e a k s
315 %\hbox{\csname b@\@citeb \endcsname}}}{#1}}

{\csname b@\@citeb \endcsname}}}{#1}}

\ de f \ @ i n t e r n a l c i t e b{%
\@ifnextchar [{\ @tempswatrue\@citexb }{\@tempswafalse\@citexb [ ] } }

320

\ de f \@newcite#1#2{{#1\if@tempswa , #2\ f i ) }}

% g j r : no l a b e l s in t h i s b ib l i og raphy s t y l e
% \ de f \@biblabe l#1{\de f \ citename##1{##1}[#1]\ h f i l l }

325 \ de f \@biblabe l#1{}

% use square bracket s a f t e r a l l
%%% More changes made by SMS ( o r i g i n a l s in l a t e x . tex )
% Use parenthese s in s t ead o f square bracket s in the text .

330 % \ de f \@cite#1#2{({#1\if@tempswa , #2\ f i }) }

% Don ’ t put a l a b e l in the b ib l i og raphy at a l l . Just use the un labe l ed format
% ins t ead .
% g j r : removed \@mkboth −− no headers here .

335 % g j r : reduced v e r t i c a l space between e n t r i e s ( p lus was .33em)
%

\ de f \ theb ib l i og raphy #1{\ s e c t i o n ∗{ Refe rences }\ l i s t
{ [\ arab i c {enumi } ]}{\ se t towidth \ l abe lw id th { [#1]}\ l e f tma rg in \ l abe lw id th

340 \advance\ l e f tma rg in \ l a b e l s e p
\ usecounter {enumi}}
\ de f \newblock {\ hskip .11em plus . 11em minus .07em}
\ s loppy \ c lubpena l ty4000 \widowpenalty4000
\ s fcode ‘\ .=1000\ r e l a x }

345 \ l e t \ endtheb ib l i ography=\ e n d l i s t
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% \ de f \ theb ib l i og raphy#1{%
% \ s e c t i o n ∗{ Refe rences }
% \ l i s t {}{\ s e t l e n g t h {\ l abe lw id th }{0 pt}

350 % \ s e t l e n g t h {\ l e f t ma rg in }{\ par indent }
% \ s e t l e n g t h {\ i temsep }{0 .11 ex p lus 0 .11 ex}
% \ s e t l e n g t h {\ parsep }{0 ex}
% \ s e t l e n g t h {\ i t emindent }{−\ par indent }}
% \ de f \newblock {\ hskip .11em plus . 11em minus − .07em}

355 % \ s loppy \ c lubpena l ty4000 \widowpenalty4000
% \ s fcode ‘\ .=1000\ r e l a x }
% \ l e t \ endtheb ib l i ography=\ e n d l i s t

% Allow f o r a b ib l i og raphy o f sou r c e s o f a t t e s t e d examples
360 \ de f \ the sou r c eb ib l i og raphy#1{%

\ s e c t i o n ∗{ Sources o f Attested Examples}
\ l i s t {}{\ s e t l e n g t h {\ l abe lw id th }{0 pt}

\ s e t l e n g t h {\ l e f tm ar g in }{\ par indent }
\ s e t l e n g t h {\ i temsep }{0 .11 ex p lus 0 .11 ex}

365 \ s e t l e n g t h {\ parsep }{0 ex}
\ s e t l e n g t h {\ i t emindent }{−\ par indent }}

\ de f \newblock {\ hskip .11em plus . 11em minus − .07em}
\ s loppy \ c lubpena l ty4000 \widowpenalty4000
\ s f code ‘\ .=1000\ r e l a x }

370 \ l e t \ endthesourceb ib l i og raphy=\ e n d l i s t

\ de f \@lbibitem [#1]#2{\ item [ ] \ i f @ f i l e s w
{ \ de f \ pro t e c t##1{\ s t r i n g ##1\space }\ immediate

\wr i t e \@auxout{\ s t r i n g \ b i b c i t e {#2}{#1}}\ f i \ i gno r e sp ac e s }}
375

\ de f \@bibitem#1{\ item\ i f @ f i l e s w \ immediate\wr i t e \@auxout
{\ s t r i n g \ b i b c i t e {#1}{\ the \c@enumi}}\ f i \ i gno r e sp ac e s }

% −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

380 % Sect ion headings with l e s s space

\ de f \ s e c t i o n{%
\@ s t a r t s e c t i o n { s e c t i o n }{1}{\z@}%

{−2.0 ex p lus −0.5 ex minus −0.3 ex}%
385 {0 .8 ex p lus 0 .3 ex minus 0 .2 ex}%

{\ l a r g e \bf \ raggedr i ght }}
\ de f \ subs e c t i on{%

\@ s t a r t s e c t i o n { subs e c t i on }{2}{\z@}%
{−1.4 ex p lus −0.4 ex minus −0.2 ex}%

390 {0 .6 ex p lus 0 .2 ex minus 0 .1 ex}%
{\ normal s i ze \bf \ raggedr i gh t }}

\ de f \ subsubsec t i on{%
\@ s t a r t s e c t i o n { subsubsec t i on }{3}{\z@}%

{−0.8 ex p lus −0.3 ex minus −0.1 ex}%
395 {0 .4 ex p lus 0 .1 ex minus 0 .1 ex}%

{\ normal s i ze \bf \ raggedr i gh t }}
\ de f \paragraph{%

\@ s t a r t s e c t i o n {paragraph }{4}{\z@}%
{−0.8 ex p lus −0.3 ex minus −0.1 ex}%

400 {−1em}%
{\ normal s i ze \bf }}

\ de f \ subparagraph{%
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\@ s t a r t s e c t i o n { subparagraph }{5}{\ par indent}%
{0 .4 ex p lus 0 .3 ex minus 0 .1 ex}%

405 {−1em}%
{\ normal s i ze \bf }}

% −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

410 % Footnotes

%\f oo tno t e s ep 6 .65 pt %
%\sk ip \ f o o t i n s 9pt p lus 4pt minus 2pt
%\de f \ f o o t n o t e r u l e {\kern −3pt \ hru l e width 5pc \kern 2 .6 pt }

415 %\s e t count e r { f oo tno t e }{0}

% −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

% L i s t s and paragraphs

420 \ s e t l e n g t h \ par indent {1em}

\ l e f tm ar g i n 2em \ l e f t m a r g i n i \ l e f tm ar g in \ l e f t m a r g i n i i 2em
\ l e f t m a r g i n i i i 1 . 5em \ l e f t m a r g i n i v 1 .0em \ l e f tmarg inv . 5em \ l e f t m a r g i n v i . 5em
\ l abe lw id th \ l e f t m a r g i n i \advance\ l abe lwidth −\ l a b e l s e p \ l a b e l s e p 5pt

425

% −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

% Float s ( f i g u r e s , t a b l e s e t c . )
%
% Allow a l a r g e r proport ion o f the column/page to be taken up with

430 % f l o a t s than the standard c l a s s e s . Also d i s courage the c r e a t i o n o f
% columns/ pages conta in ing only f l o a t s .

% Maximum f r a c t i o n o f the page that can be occupied by f l o a t s :
%

435 \renewcommand\ t o p f r a c t i o n { . 9}
\renewcommand\ bottomfract ion { . 5}
\renewcommand\ d b l t o p f r a c t i o n { . 9} % 2−column f l o a t s

% Minimum f r a c t i o n o f page that can be occupied by text :
440 %

\renewcommand\ t e x t f r a c t i o n { . 1}

% Maximum f r a c t i o n o f a page that can be occupied by f l o a t s be f o r e a
% separa te f l o a t page i s produced :

445 %
\renewcommand\ f l o a t p a g e f r a c t i o n {0 .9}
\renewcommand\ d b l f l o a t p a g e f r a c t i o n { . 9} % 2−column f l o a t s

% −−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

450 %
% Since we ’ re us ing two columns , l i n e s are shor t and we can get away
% with l e s s v e r t i c a l space between l i n e s , with in l i s t s and around
% var i ous k inds o f d i s p l a y .
%

455 % Normally , the se parameters are s e t in the s i z e opt ion to the c l a s s
% f i l e ( standard d e f i n i t i o n s are in c l a s s e s . dtx ) . Here we want to
% accommodate 10pt , 11 pt and 12pt , so we wrap the d e f i n i t i o n s in
% \ i f c a s e .
%
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460

% \ normal s i ze
%
\ i f c a s e \@pts ize%

\renewcommand{\ normal s i ze}{% 10 pt
465 \@se t s i z e \ normal s i ze {11 .3 pt }\xpt\@xpt%

\ aboved i sp laysk ip 10\p@\@plus2\p@\@minus5\p@%
\ aboved i sp l ay sho r t sk ip \z@\@plus3\p@%
\ be l owd i sp l ay sho r t sk ip 4\p@\@plus3\p@\@minus3\p@%
\ be lowd i sp l ay sk ip \ aboved i sp laysk ip%

470 \ l e t \ @ l i s t i \ @ l i s t I}%
\ or%

\renewcommand{\ normal s i ze}{% 11 pt
\@se t s i z e \ normal s i ze {12 .6 pt }\ x ip t \@xipt%
\ aboved i sp laysk ip11 \p@\@plus2\p@\@minus4\p@%

475 \ aboved i sp l ay sho r t sk ip \z@\@plus3\p@%
\ be l owd i sp l ay sho r t sk ip5 \p@\@plus3\p@\@minus2\p@%
\ be lowd i sp l ay sk ip \ aboved i sp laysk ip%
\ l e t \ @ l i s t i \ @ l i s t I}%

\ or%
480 \renewcommand{\ normal s i ze}{% 12 pt

\@se t s i z e \ normal s i ze {13 pt }\ x i i p t \@xi ipt%
\ aboved i sp laysk ip 11\p@ \@plus3\p@ \@minus5\p@%
\ aboved i sp l ay sho r t sk ip \z@ \@plus3\p@%
\ be l owd i sp l ay sho r t sk ip 5\p@ \@plus3\p@ \@minus2\p@%

485 \ be lowd i sp l ay sk ip \ aboved i sp laysk ip%
\ l e t \ @ l i s t i \ @ l i s t I}%

\ f i

% \ smal l
490 %

\ i f c a s e \@pts ize%
\renewcommand{\ smal l}{% 10 pt

\@se t s i z e \ smal l {10 .5 pt }\ i xp t \@ixpt%
\ aboved i sp laysk ip 8\p@ \@plus3\p@ \@minus3\p@%

495 \ aboved i sp l ay sho r t sk ip \z@ \@plus2\p@%
\ be l owd i sp l ay sho r t sk ip 3\p@ \@plus2\p@ \@minus2\p@%
\ be lowd i sp l ay sk ip \ aboved i sp laysk ip%
\ de f \ @ l i s t i {\ l e f t ma rg in \ l e f t m a r g i n i%

\ topsep 3 .5\p@ \@plus1 .5\p@ \@minus1 .5\p@%
500 \parsep 1 .5\p@ \@plus\p@ \@minus\p@%

\ i temsep \parsep}}%
\ or%

\renewcommand{\ smal l}{% 11 pt
\@se t s i z e \ smal l {11 .3 pt }\xpt\@xpt%

505 \ aboved i sp laysk ip 9\p@ \@plus2\p@ \@minus4\p@%
\ aboved i sp l ay sho r t sk ip \z@ \@plus3\p@%
\ be l owd i sp l ay sho r t sk ip 5\p@ \@plus2 .5\p@ \@minus2 .5\p@%
\ be lowd i sp l ay sk ip \ aboved i sp laysk ip%
\ de f \ @ l i s t i {\ l e f tma rg in \ l e f t m a r g i n i%

510 \ topsep 5\p@ \@plus2\p@ \@minus2\p@%
\parsep 2\p@ \@plus2\p@ \@minus\p@%
\ i temsep \parsep}}%

\ or%
\renewcommand{\ smal l}{% 12 pt

515 \@se t s i z e \ smal l {12 pt }\ x ip t \@xipt%
\ aboved i sp laysk ip 9\p@ \@plus3\p@ \@minus4\p@%
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\ aboved i sp l ay sho r t sk ip \z@ \@plus3\p@%
\ be l owd i sp l ay sho r t sk ip 5\p@ \@plus2 .5\p@ \@minus2\p@%
\ be lowd i sp l ay sk ip \ aboved i sp laysk ip%

520 \ de f \ @ l i s t i {\ l e f tma rg in \ l e f t m a r g i n i%
\ topsep 5 .5\p@ \@plus2 .5\p@ \@minus2 .5\p@%
\parsep 4\p@ \@plus1 .5\p@ \@minus\p@%
\ i temsep \parsep}}%

\ f i
525

% \ f o o t n o t e s i z e
%
\ i f c a s e \@pts ize

530 \renewcommand{\ f o o t n o t e s i z e}{% 10 pt
\@se t s i z e \ f o o t n o t e s i z e {9 .3 pt }\ v i i i p t \@ v i i i p t%
\ aboved i sp laysk ip 5\p@ \@plus2\p@ \@minus3\p@%
\ aboved i sp l ay sho r t sk ip \z@ \@plus\p@%
\ be l owd i sp l ay sho r t sk ip 2 .5\p@\@plus\p@\@minus2\p@%

535 \ be lowd i sp l ay sk ip \ aboved i sp laysk ip%
\ de f \ @ l i s t i {\ l e f t ma rg in \ l e f t m a r g i n i%

\ topsep 2 .5\p@ \@plus\p@ \@minus\p@%
\parsep 1 .5\p@ \@plus\p@ \@minus\p@%
\ i temsep \parsep}}%

540 \ or%
\renewcommand{\ f o o t n o t e s i z e}{% 11 pt

\@se t s i z e \ f o o t n o t e s i z e {10 .3 pt }\ i xp t \@ixpt%
\ aboved i sp laysk ip 7\p@ \@plus2\p@ \@minus4\p@%
\ aboved i sp l ay sho r t sk ip \z@ \@plus\p@%

545 \ be l owd i sp l ay sho r t sk ip 3\p@ \@plus2\p@ \@minus2\p@%
\ be lowd i sp l ay sk ip \ aboved i sp laysk ip%
\ de f \ @ l i s t i {\ l e f tma rg in \ l e f t m a r g i n i%

\ topsep 3\p@ \@plus2\p@ \@minus2\p@%
\parsep 2\p@ \@plus\p@ \@minus\p@%

550 \ i temsep \parsep}}%
\ or%

\renewcommand{\ f o o t n o t e s i z e}{% 12 pt
\@se t s i z e \ f o o t n o t e s i z e {11 pt }\xpt\@xpt%
\ aboved i sp laysk ip 9\p@ \@plus2\p@ \@minus4\p@%

555 \ aboved i sp l ay sho r t sk ip \z@ \@plus3\p@%
\ be l owd i sp l ay sho r t sk ip 5\p@ \@plus3\p@ \@minus3\p@%
\ be lowd i sp l ay sk ip \ aboved i sp laysk ip%
\ de f \ @ l i s t i {\ l e f t ma rg in \ l e f t m a r g i n i%

\ topsep 4 .5\p@ \@plus2\p@ \@minus2\p@%
560 \parsep 3\p@ \@plus\p@ \@minus\p@%

\ i temsep \parsep}}%
\ f i

565 % \ l a r g e
%
\ i f c a s e \@pts ize%

\renewcommand{\ l a r g e }{\ @se t s i z e \ l a r g e {13 pt }\ x i i p t \@xi ipt}% 10 pt
\ or%

570 \renewcommand{\ l a r g e }{\ @se t s i z e \ l a r g e {13 pt }\ x i i p t \@xi ipt}% 11 pt
\ or%

\renewcommand{\ l a r g e }{\ @se t s i z e \ l a r g e {16 pt }\ xivpt \@xivpt}% 12 pt
\ f i
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575 % \Large
%
\ i f c a s e \@pts ize%

\renewcommand{\Large }{\ @se t s i z e \Large {16 pt }\ xivpt \@xivpt}% 10 pt
\ or%

580 \renewcommand{\Large }{\ @se t s i z e \Large {16 pt }\ xivpt \@xivpt}% 11 pt
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\renewcommand{\Large }{\ @se t s i z e \Large {16 pt }\ xivpt \@xivpt}% 12 pt
\ f i
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%
% Float s epara t i ons , s i n g l e and double−column
%
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\ s e t l e n g t h \ i n t e x t s e p {10\p@ \@plus 2\p@ \@minus 2\p@}%

600 \ s e t l e n g t h \ d b l f l o a t s e p {10\p@ \@plus 2\p@ \@minus 2\p@}%
\ s e t l e n g t h \ d b l t e x t f l o a t s e p {16\p@ \@plus 2\p@ \@minus 4\p@}%

\ or%
\ s e t l e n g t h \ f l o a t s e p {12\p@ \@plus 3\p@ \@minus 3\p@}% 12 pt
\ s e t l e n g t h \ t e x t f l o a t s e p {18\p@ \@plus 2\p@ \@minus 4\p@}%
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\ s e t l e n g t h \ d b l f l o a t s e p {12\p@ \@plus 2\p@ \@minus 4\p@}%
\ s e t l e n g t h \ d b l t e x t f l o a t s e p {18\p@ \@plus 2\p@ \@minus 4\p@}%

\ f i

610 %
% Top− l e v e l l i s t in \ normal s i ze t ex t
%
\ i f c a s e \@pts ize%

\ de f \ @ l i s t i {\ l e f t ma rg in \ l e f t m a r g i n i% 10 pt
615 \ topsep 6\p@ \@plus2\p@ \@minus2\p@%

\parsep 2\p@ \@plus0 .5\p@ \@minus\p@%
\ i temsep 2 .5\p@ \@plus\p@ \@minus0 .5\p@}%

\ or%
\ de f \ @ l i s t i {\ l e f tma rg in \ l e f t m a r g i n i% 11 pt

620 \ topsep 8\p@ \@plus2\p@ \@minus2\p@%
\parsep 3\p@ \@plus1 .5\p@ \@minus\p@%
\ i temsep 3\p@ \@plus1 .5\p@ \@minus\p@}%

\ or%
\ de f \ @ l i s t i {\ l e f tma rg in \ l e f t m a r g i n i% 12 pt

625 \ topsep 9\p@ \@plus3\p@ \@minus4\p@%
\parsep 4\p@ \@plus2\p@ \@minus\p@%
\ i temsep 4\p@ \@plus2\p@ \@minus\p@}%

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

630
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## JACK Audio
15

− Process c a l l b a c k d e l e g a t e s to a func t i on po in t e r

− Passes a po in t e r to a p r e a l l o c a t e d memory area

20 − Main thread can change the func t i on po in t e r

## Dynamic Reloading

− ‘ dlopen ( ) ‘ , ‘ dlsym ( ) ‘ , ‘− l d l ‘
25

− Race cond i t i on : don ’ t unload running code

− Double b u f f e r i n g : ‘ dl ‘ caches a g g r e s s i v e l y

30 ## Detect ing F i l e Changes

− ‘ i n o t i f y ‘

− i f ‘ go . c ‘ changes : compi le i t ( by c a l l i n g ‘make ‘ )
35

− i f ‘ go . so ‘ changes : make a copy and load i t

## Where

40 − performance ton ight !

− <claude@mathr . co . uk>

− <https : // mathr . co . uk/ c l i v e >
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\ t i t l e {Live−coding Audio in C}

30 %see lac2018 . s ty f o r how to format mul t ip l e authors !
\ author
{Claude HEILAND−ALLEN
\\ u n a f f i l i a t e d
\\ claude@mathr . co . uk

35 }

\begin {document}
\maket i t l e

40 \begin { abs t r a c t }
\begin { content smal l }

An audio l i v e −coding s k e l e t o n i s presented , implemented in C and adaptable to
languages that expose the C ABI from shared l i b r a r i e s . The aim i s to support

45 a two−phase ed i t −commit coding c y c l e a l l ow ing long − l i v e d s i g n a l p r o c e s s i n g
graphs to be modi f i ed .

The s k e l e t o n watches a d i r e c t o r y f o r changes , r e compi l ing changed sourc e s and
r e l o a d i n g changed shared o b j e c t s . The shared ob j e c t d e f i n e s an audio

50 p r o c e s s i n g c a l l b a c k . The s k e l e t o n maintains a memory reg i on between re loads ,
a l l ow ing c a l l b a c k s t a t e to be prese rved so that audio p r o c e s s i n g can cont inue
un inter rupted .

\end{ content smal l }
55 \end{ abs t r a c t }

\keywords{
\begin { content smal l }
l i v e −coding , audio proce s s ing , code r e l o a d i n g

60 \end{ content smal l }
}

\ s e c t i o n {Motivation }\ l a b e l {motivat ion }

65 (At l e a s t ) two popular music so f tware packages a l low l i v e −coding .
Pure−data ˜\ c i t e {PD} a l l ows the manipulat ion o f audio p r o c e s s i n g graphs at ⤦

Ç runtime ,
but l i v e −coding r e q u i r e s c a r e f u l p reparat i on as the re i s no e d i t /commit
c y c l e : every change i s l i v e as soon as i t i s made . Moreover each e d i t
r e compi l e s the whole DSP chain , which i s not a rea l t ime − s a f e opera t i on

70 and can lead to audio dropouts .

S u p e r c o l l i d e r ˜\ c i t e {SC3} takes a
d i f f e r e n t approach , running s e l e c t e d code only when a c e r t a i n key
combination i s pre s sed . However , S u p e r c o l l i d e r DSP code runs on a s e r v e r

75 d i s t i n c t from i t s language , and synths ( compiled by a c l i e n t such as
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\ l s t i n l i n e ! s c l ang ! and sent to the \ l s t i n l i n e ! scsynth ! s e r v e r ) can ’ t
be modi f i ed once they are running , beyond s e t t i n g c o n t r o l v a r i a b l e s
or re −orde r ing synths with in a group −− the code with in each synth i s
immutable .

80

The main goa l o f C l ive i s to be ab le to e d i t d i g i t a l s y n t h e s i s a lgor i thms
whi l e they are running , with a two phase e d i t /commit c y c l e : code can be
ed i t ed f r e e l y , u n t i l i t i s saved to disk , at which po int i t i s re −compiled
and ( i f s u c c e s s f u l ) re − loaded in to an a c t i v e audio p r o c e s s i n g eng ine . The

85 r easons f o r us ing the C programming language are f a m i l i a r i t y to the author ,
p r e c i s e c o n t r o l o f memory layout o f data s t r u c t u r e s a l l ow ing code r e l oad
with s t a t e pre s e rvat i on , speed o f compi la t ion ( r e l a t i v e to higher − l e v e l
languages l i k e C++) , and p r e d i c t a b l e runtime performance .

90 Performance with Cl ive t y p i c a l l y i n v o l v e s pre−preparat ion , at l e a s t o f
common uni t g ene ra to r s l i k e o s c i l l a t o r s and f i l t e r s , perhaps higher − l e v e l
e f f e c t s l i k e chorus or dynamic range compression , extending to more−complete
compos i t ions with complex data f low . The l i v e −coding aspect i n v o l v e s e d i t i n g
a f i l e in the performer ’ s f a v o u r i t e t ex t ed i to r , with the act o f sav ing with

95 Ctrl −S or other shor t cut being timed to a l low the new code to s t a r t execut ing
a f t e r the l a t ency o f compi la t ion .

\ s e c t i o n { Implementation }\ l a b e l { implementation }

100 \ subs e c t i on {The s k e l e t o n }\ l a b e l { the− s k e l e t o n }

The l i v e eng ine s t a r t s a JACK c l i e n t , whose audio p r o c e s s i n g func t i on i s
a th in wrapper around a \ l s t i n l i n e ! c a l l b a c k ! f unc t i on po in t e r . The
func t i on po in t e r i s i n i t i a l l y s e t to a func t i on that f i l l s i t s output

105 b u f f e r s with s i l e n c e . The main program watches the cur rent d i r e c t o r y f o r
changes , r e compi l ing changed sourc e s and r e l o a d i n g a shared l i b r a r y
(named \ l s t i n l i n e ! go . so ! ) on changes . The shared l i b r a r y d e f i n e s a
symbol \ l s t i n l i n e ! go ! matching the \ l s t i n l i n e ! c a l l b a c k t ! i n t e r f a c e . The
c a l l b a c k i s s e t to the address o f t h i s f unc t i on . The c a l l b a c k i s passed

110 a po in t e r to a memory area that i s prese rved between code r e l o a d s .

\begin { l s t l i s t i n g } [ language=C, capt ion={The s k e l e t o n } , l a b e l=l s k e l e t o n ]
typede f void (∗ c a l l b a c k t ) ( void ∗ , f l o a t ∗ , int , f l o a t ∗ , i n t ) ;
v o l a t i l e c a l l b a c k t c a l l b a c k = s i l e n c e c a l l b a c k ;

115 void ∗data ;
i n t p roce s s ( j a c k n f r a m e s t n , void ∗ arg ) {

f l o a t in [ nin ] ;
f l o a t out [ nout ] ;
// . . . get JACK b u f f e r s

120 f o r ( i n t i = 0 ; i < n ; ++i ) {
// . . . copy b u f f e r s to in
c a l l b a c k ( data , in , nin , out , nout ) ;
// . . . copy out to b u f f e r s

}
125 re turn 0 ;

}
i n t main ( ) {
data = c a l l o c (1 , bytes ) ;
l o a d l i b r a r y (” go . so ”) ;

130 // . . . launch JACK c l i e n t
// the f o l l o w i n g i s pseudo−code
watch w = watch d i r e c to ry ( ” . ” ) ;
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event e ;
whi l e ( ( e = wai t event (w) ) ) {

135 i f ( has changed ( e , ”go . so ”) )
l o a d l i b r a r y (” go . so ”) ;

i f ( has changed ( e , ”go . c ”) )
recompi l e (” go . c ”) ;

}
140 re turn 0 ;

}
\end{ l s t l i s t i n g }

\ subs e c t i on {Dynamically r e l oad
145 l i b r a r i e s }\ l a b e l {dynamical ly −re load − l i b r a r i e s }

The POSIX.1 −2001 \ l s t i n l i n e ! d l ! i n t e r f a c e i s used to load shared l i b r a r i e s
at runtime ˜\ c i t e {DL} . The l i b r a r y i s loaded with \ l s t i n l i n e ! dlopen ! , the
c a l l b a c k func t i on symbol address i s found with \ l s t i n l i n e ! dlsym ! , and when

150 no longe r needed the code can be unloaded with \ l s t i n l i n e ! d l c l o s e ! . The type
ca s t gymnast ics on l i n e 9 are to avoid a warning in s t r i c t ISO C99 mode .

\begin { l s t l i s t i n g } [ language=C, capt ion={Using l i b d l } , l a b e l=l l i b d l ]
void ∗ o l d l i b r a r y = 0 ;

155 void ∗ new l ib ra ry = 0 ;
void l o a d l i b r a r y ( const char ∗name) {

i f ( ! name)
re turn ;

i f ( ! ( new l ib ra ry = dlopen (name , RTLD NOW) ) )
160 re turn ;

c a l l b a c k t ∗ new ca l lback ;
∗( void ∗∗) (&new ca l lback ) = dlsym ( new l ibrary , ”go ”) ;
i f ( new ca l lback ) {
s e t c a l l b a c k ( new ca l lback ) ;

165 // unload old l i b r a r y
i f ( o l d l i b r a r y )

d l c l o s e ( o l d l i b r a r y ) ;
o l d l i b r a r y = new l ib ra ry ;
new l ib ra ry = 0 ;

170 } e l s e {
d l c l o s e ( new l ib ra ry ) ;
new l ib ra ry = 0 ;

}
}

175 \end{ l s t l i s t i n g }

\ subs e c t i on {Mit igate r a c e s }\ l a b e l {mit igate − r a c e s }

There i s a race cond i t ion , e s p e c i a l l y prob lemat ic on multi −core
180 a r c h i t e c t u r e s : the o ld code must not be unloaded whi le the JACK c a l l b a c k

i s s t i l l running i t , o the rw i s e the proce s s w i l l c rash . To mi t i ga t e t h i s
r i s k ( though not prevent i t e n t i r e l y ) , a f l a g i s added that makes the
main proce s s sp in u n t i l the cur rent DSP block ’ s JACK p r o c e s s i n g i s
f i n i s h e d . The o ld l i b r a r y i s probably s a f e to unload a f t e r

185 \ l s t i n l i n e ! s e t c a l l b a c k ! has returned . To avoid a t o t a l stop to the l i v e
performace in the u n l i k e l y event o f t h i s crash , a s h e l l wrapper s c r i p t
r e l aunches the engine automat i ca l l y .

\begin { l s t l i s t i n g } [ language=C, capt ion={Race mi t i ga t i on } , l a b e l=l r a c e ]
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190 v o l a t i l e bool p r o c e s s i n g = f a l s e ;
i n t p roce s s ( j a c k n f r a m e s t n , void ∗ arg ) {

p r o c e s s i n g = true ;
// . . .
p r o c e s s i n g = f a l s e ;

195 re turn 0 ;
}
void s e t c a l l b a c k ( c a l l b a c k t new ca l lback ) {

whi le ( p r o c e s s i n g )
;

200 c a l l b a c k = new ca l lback ;
}
\end{ l s t l i s t i n g }

\ subs e c t i on {Defeat caches }\ l a b e l { defeat −caches }
205

Unfortunate ly \ l s t i n l i n e ! l i b d l ! per forms ra the r a g g r e s s i v e caching ,
meaning that a l i b r a r y o f the same name i s not re loaded i f i t i s a l r eady
open , even i f i t s contents have changed .

210 A f i r s t t ry was to unload the o ld code and load the new code , hoping
that i t would be quick enough to avoid audio dropouts ( the c a l l b a c k
func t i on po in t e r was s e t to s i l e n c e be f o r e unloading to avoid a crash ) .
The dropouts were too s eve r e to make t h i s v i a b l e in a performance
s i t u a t i o n .

215

A second attempt was to use two symlinks f o r double−bu f f e r i ng , but even
t h i s does not de f ea t the cache . A r e a l f i l e copy appears to be
necessary , and f i n a l l y the cur rent ve r s i o n c o p i e s a l t e r n a t e l y to two
separa te f i l e s in a double−b u f f e r i n g scheme .

220

\begin { l s t l i s t i n g } [ language=C, capt ion={Defeat ing caches by copying } , l a b e l=⤦
Ç l c a che ]

const char ∗copy [ 2 ] =
{ ”cp − f . / go . so . / go . a . so ”
, ”cp − f . / go . so . / go . b . so ” } ;

225 const char ∗ l i b r a r y [ 2 ] =
{ ” ./ go . a . so ” , ” . / go . b . so ” } ;

i n t which = 0 ;
void c o p y l i b r a r y ( ) {

i f ( ! system ( copy [ which ] ) )
230 re turn l i b r a r y [ which ] ;

e l s e
re turn 0 ;

}
void l o a d l i b r a r y ( const char ∗name) {

235 // . . .
i f ( new ca l lback ) {
which = 1 − which ;
// . . .

}
240 }

i n t main ( ) {
// . . .

i f ( has changed ( e , ”go . so ”) )
l o a d l i b r a r y ( c o p y l i b r a r y ( ) ) ;

245 }
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\end{ l s t l i s t i n g }

\ subs e c t i on {Not i fy r e l o a d s }\ l a b e l { not i f y − r e l o a d s }

250 I t can be u s e f u l when l i v e programming audio to perform i n i t i a l i z a t i o n
once only . To that end , c l i v e mandates that the f i r s t word o f the memory
area i s an \ l s t i n l i n e ! i n t ! , that i s s e t to 1 when the code i s r e loaded .
The c a l l b a c k code i s r e s p o n s i b l e f o r c l e a r i n g i t , nece s sa ry to de t e c t
subsequent r e l o a d s .

255

\begin { l s t l i s t i n g } [ language=C, capt ion={Reload n o t i f i c a t i o n } , l a b e l=l r e l o a d ]
v o l a t i l e bool r e loaded = f a l s e ;
i n t p roce s s ( j a c k n f r a m e s t n , void ∗ arg ) {

i f ( r e loaded ) {
260 i n t ∗p = data ;

∗p = 1 ;
re loaded = 0 ;

}
// . . .

265 re turn 0 ;
}
void s e t c a l l b a c k ( c a l l b a c k t new ca l lback ) {

// . . .
r e loaded = true ;

270 }
\end{ l s t l i s t i n g }

\ subs e c t i on {Watch f o r changes }\ l a b e l {watch− fo r −changes }

275 On Linux , the f i l e s y s t e m can be monitored f o r changes us ing
\ l s t i n l i n e ! i n o t i f y ! ˜\ c i t e {INOTIFY} . The func t i on
\ l s t i n l i n e ! i no t i f y add watch ! i s used to check f o r f i l e c l o s e events , o f
f i l e s that were opened f o r wr i t i ng . The \ l s t i n l i n e ! i n o t i f y e v e n t !
s t r u c t u r e conta in s the name o f the f i l e that changed , which i s compared

280 to two ca s e s : i f the source \ l s t i n l i n e ! go . c ! has changed , recompi l e i t ;
i f the l i b r a r y \ l s t i n l i n e ! go . so ! has changed , r e l oad i t . Hope fu l ly the
f i r s t case t r i g g e r s the second case , o therw i s e the l i v e coder should
check the te rmina l f o r compi la t ion e r r o r messages .

285 I t i s important to s t a r t watching be f o r e the main loop , ra the r than
stopping and s t a r t i n g r epea t ed ly with in the loop , l e s t events are missed
between loop i t e r a t i o n s . To support languages other than C, i t i s
nece s sa ry to modify l i n e 27 o f L i s t i n g \ r e f { l i n o t i f y } to r e f e r e n c e the
new source f i l e , and add the appro r i a t e compi la t ion commands to the

290 \ l s t i n l i n e ! Make f i l e ! .

\begin { l s t l i s t i n g } [ language=C, capt ion={Using i n o t i f y } , l a b e l=l i n o t i f y ]
i n t main ( ) {
// . . .

295 i n t ino = i n o t i f y i n i t ( ) ;
i f ( ino == −1) re turn 1 ;
i n t wd = inot i f y add watch ( ino , ” . ” , IN CLOSE WRITE) ;
i f (wd == −1) re turn 1 ;
s s i z e t bu f byte s = s i z e o f ( s t r u c t i n o t i f y e v e n t ) + NAMEMAX + 1 ;

300 char ∗buf = mal loc ( bu f byte s ) ;
whi l e ( t rue ) {

l o a d l i b r a r y ( c o p y l i b r a r y ( ) ) ;
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// read events ( b lock ing )
bool l i b ra ry changed = f a l s e ;

305 whi le ( ! l i b ra ry changed ) {
memset ( buf , 0 , bu f byte s ) ;
s s i z e t r = read ( ino , buf , bu f byte s ) ;
i f ( r == −1)
s l e e p (1 ) ;

310 e l s e {
char ∗bufp = buf ;
whi l e ( bufp < buf + r ) {

s t r u c t i n o t i f y e v e n t ∗ev = ( s t r u c t i n o t i f y e v e n t ∗) bufp ;
bufp += s i z e o f ( s t r u c t i n o t i f y e v e n t ) + ev−> l en ;

315 i f ( ev−>mask & IN CLOSE WRITE) {
i f (0 == strcmp (” go . so ” , ev−>name) )
// r e l oad
l i b ra ry changed = true ;

i f (0 == strcmp (” go . c ” , ev−>name) )
320 // recompi l e

system (”make −−qu i e t ”) ;
}

}
}

325 }
}
c l o s e ( ino ) ;
r e turn 0 ;

}
330 \end{ l s t l i s t i n g }

\ subs e c t i on {Squash denormals }\ l a b e l { squash−denormals}

A common problem in audio p r o c e s s i n g on \ l s t i n l i n e ! x86 64 ! a r c h i t e c t u r e s
335 i s the l a r g e i n c r e a s e d co s t o f p r o c e s s i n g denormal f l o a t i n g po int

numbers when r e c u r s i v e a lgor i thms decay to zero . This i s ach ieved in
c l i v e by s e t t i n g the \ l s t i n l i n e !DAZ! ( denormals−are −zero ) and
\ l s t i n l i n e !FTZ! ( f lu sh −to−zero ) CPU f l a g s ˜\ c i t e {DAZFTZ} , and ensur ing
that the shared l i b r a r y code i s compiled with the \ l s t i n l i n e ! gcc ! f l a g

340 \ l s t i n l i n e !−mfpmath=s s e ! which makes c a l c u l a t i o n s use the SSE uni t .

\begin { l s t l i s t i n g } [ language=C, capt ion={Se t t i ng DAZ and FTZ} , l a b e l=ldenormal ]
i n t p roce s s ( j a c k n f r a m e s t n , void ∗ arg ) {
#i f d e f x 8 6 6 4

345 f e n v t f e ;
f ege t env (& f e ) ;
unsigned i n t o ld mxcsr = f e . mxcsr ;
f e . mxcsr |= 0x8040 ;
f e s e t e n v (& f e ) ;

350 #e n d i f
// . . .

#i f d e f x 8 6 6 4
f e . mxcsr = old mxcsr ;
f e s e t e n v (& f e ) ;

355 #e n d i f
r e turn 0 ;

}
\end{ l s t l i s t i n g }
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360 \ s e c t i o n {Example}\ l a b e l {example}

Thus f a r in t h i s paper a l l the code presented has been from the l i v e
eng ine . To remedy th i s , here i s a shor t c a l l b a c k example , p r e s en t ing
a s imple metronome tone :

365

\begin { l s t l i s t i n g } [ language=C, capt ion={Metronome example } , l a b e l=lexample ]
#inc lude <math . h>
#d e f i n e SR 48000
#d e f i n e PI 3.141592653589793

370 double wrap ( double x ) {
re turn x − f l o o r ( x ) ;

}
typede f s t r u c t { double phase ; } PHASOR;
double phasor (PHASOR ∗ s , double hz ) {

375 re turn s−>phase = wrap ( s−>phase + hz / SR) ;
}
typede f s t r u c t {

i n t re loaded ;
PHASOR beat ;

380 PHASOR tone ;
} S ;
extern void go (S ∗ s , f l o a t ∗ in , i n t nin , f l o a t ∗out , i n t nout ) {

double beat = phasor(&s−>beat , 120 / 6 0 . 0 ) < 0 . 2 5 ;
double tone = s i n (2 ∗ PI ∗ phasor(&s−>tone , 1000) ) ;

385 double metronome = beat ∗ tone ;
f o r ( i n t c = 0 ; c < nout ; ++c )

out [ c ] = metronome ;
}
\end{ l s t l i s t i n g }

390

\ s e c t i o n {Evaluat ion and fu tu r e work}\ l a b e l { eva lua t i on }

Clive ’ s code swapping i s quant ized to JACK proce s s c a l l b a c k block boundaries ,
which i s not mus i ca l l y u s e f u l . A workaround can be to s c a t t e r the c a l l b a c k

395 code with sample−and−hold un i t g ene ra to r s so that the prev ious va lue s are kept
u n t i l some fu tu r e t r i g g e r ( from an already −running c l o ck o s c i l l a t o r perhaps )
synchron i z e s them with the d e s i r e d sound . The need in Cl ive to s p e c i f y un i t
genera to r s t o rage s e p a r a t e l y from the invoca t i on o f the genera to r makes t h i s
doubly p a i n f u l .

400

Cl ive p r o c e s s e s one sample at a time , which i s not n e c e s s a r i l y the most
e f f i c i e n t way to proce s s audio . I t may be u s e f u l to add un i t g ene ra to r s to
support reb lock ing , a l o n g s i d e vec to r operat ions , to Cl ive ’ s l i b r a r y . This
r eb l o c k ing would be nece s sa ry i f FFT ope ra t i on s were to be supported ,

405 which would a l s o b e n e f i t from r eb l o ck in g with over lap .

The Bela ˜\ c i t e {BELA} plat form i s i n t e r e s t i n g f o r low− l a t ency audio p r o c e s s i n g .
C l ive could be adapted to cros s −compi le i n to a dev i ce d i r e c t o r y mounted on
the host , with the eng ine s p l i t i n to two par t s ( dev i c e to r e l oad l i b r a r y

410 code , and host to recompi l e source code ) . Bela a l s o supports e l e c t r o n i c
connec t i ons ( both analogue and d i g i t a l p ins ) , which would be n i c e to expose
to Cl ive c a l l b a c k s .

The OpenGL graph i c s l i b r a r y i s i n t e r e s t i n g f o r programmable shaders . C l ive
415 could be adapted to load and compile GLSL source code f o r l i v e −coding v i s u a l s ,

perhaps f o c u s i n g on fragment shaders s i m i l a r to Fragmentarium˜\ c i t e {FRAG} .
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A way f o r Cl ive ’ s audio p r o c e s s i n g c a l l b a c k s to send c o n t r o l data to OpenGL
v i s u a l i s a t i o n s would a l low t i g h t audio−v i s u a l synch ron i s a t i on .

420

\ s e c t i o n {Conclus ion }\ l a b e l { conc lu s i on }

A l i v e coding system f o r audio p r o c e s s i n g in C has been presented . The
author has performed with i t many times s i n c e i t s f i r s t v e r s i o n in 2011 ,

425 i n c l u d i n g both seated events and club − s t y l e Algorave s i t u a t i o n s , as we l l
as s e s s i o n s at home .

The code and some s e s s i o n audio+d i f f − c a s t s can be found at
\begin { i t em i z e }

430 \ item \ u r l { https : // code . mathr . co . uk/ c l i v e }
\ item \ u r l { https : // mathr . co . uk/ c l i v e }
\end{ i t em i z e }
r e s p e c t i v e l y .

435 \ b i b l i o g r a p h y s t y l e { a c l }
\ b ib l i og raphy {paper}

\end{document}
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# note

these documents d e s c r i b e c l i v e as o f the v0 tag

5 s i g n i f i c a n t changes have been made s i n c e then , the se docs need updating
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− Overview ( p r i n c i p l e , s t r engths , weaknesses )

− JACK Audio ( c l i e n t , p roce s s c a l l b a c k )

20 − Dynamic Reloading ( races , caching )

− Detect ing F i l e Changes ( i n o t i f y events )
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− Future Work
25

# Overview

## How Cl ive Works

30 − watches a d i r e c t o r y f o r f i l e changes

− r e compi l e s changed sourc e s

− r e l o a d s recompi led l i b r a r y
35

− maintains memory area between r e l o a d s

## Cl ive Strengths

40 − two−phase e d i t /commit c y c l e

− no e x p l i c i t ”DSP graph o f UGens” s epa ra t i on

− compi la t ion i s r e a l t ime s a f e
45

− r e l o a d i n g i s r e a l t ime s a f e ( almost )

− p r o c e s s i n g uses s i n g l e −sample c a l l b a c k s ( s imple )

50 ## Cl ive Weaknesses

− e x p l i c i t s t a t e maintenance , append−only

− t iny UGen l i b r a r y
55

− compi la t ion i s high la t ency

− r e l o a d i n g i s at JACK block boundar ies

60 − p r o c e s s i n g uses s i n g l e −sample c a l l b a c k s ( slow )

# JACK Audio

## JACK Cl i en t Setup
65

\ f o n t s i z e {12 pt }{13}\ s e l e c t f o n t

‘ ‘ ‘C
c l i e n t = j a c k c l i e n t o p e n (” l i v e ” , JackNoStartServer , 0) ;

70 j a c k s e t p r o c e s s c a l l b a c k ( c l i e n t , processcb , 0) ;
out por t = j a c k p o r t r e g i s t e r ( c l i e n t , ” l i v e : output 1 ” ,

JACK DEFAULT AUDIO TYPE, JackPortIsOutput , 0) ;
j a c k a c t i v a t e ( c l i e n t ) ;
j a ck connec t ( c l i e n t ,

75 jack port name ( out por t ) , ” system : playback 1 ”) ;
‘ ‘ ‘

## JACK Process Cal lback

80 \ f o n t s i z e {12 pt }{13}\ s e l e c t f o n t
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‘ ‘ ‘C
i n t proce s scb ( j a c k n f r a m e s t nframes , void ∗ arg ) {

j a c k d e f a u l t a u d i o s a m p l e t ∗ in , ∗out ;
85 in = j a c k p o r t g e t b u f f e r ( in por t , nframes ) ;

out = j a c k p o r t g e t b u f f e r ( out port , nframes ) ;
f o r ( j a c k n f r a m e s t i = 0 ; i < nframes ; ++i )

out [ i ] = s t a t e . func ( s t a t e . data , in [ i ] ) ;
r e turn 0 ;

90 }
‘ ‘ ‘

## Cl ive Concept

95 − change ‘ s t a t e . func ‘ at runtime

− pre s e rve contents o f ‘ s t a t e . data ‘

# Dynamic Code Reloading
100

## Using ‘ l i b d l ‘

\ f o n t s i z e {12 pt }{13}\ s e l e c t f o n t

105 ‘ ‘ ‘C
void ∗ o l d d l = 0 ;
void ∗new dl = 0 ;
i f ( ( new dl = dlopen (” go . so ” , RTLD NOW) ) ) {

c a l l b a c k ∗new cb ;
110 new cb = dlsym ( new dl , ”go ”) ;

i f ( new cb ) {
whi le ( i np roc e s s cb ) ; // race cond i t i on
s t a t e . func = new cb ;
s t a t e . r e l oad = 1 ;

115 whi le ( i np roc e s s cb ) ; // race cond i t i on
i f ( o l d d l ) d l c l o s e ( o l d d l ) ;
o l d d l = new dl ;

} e l s e d l c l o s e ( new dl ) ;
}

120 ‘ ‘ ‘

## Race Condit ion

− don ’ t unload running code ( otherw i s e . . . boom ! )
125

‘ ‘ ‘C
v o l a t i l e i n t i np roc e s s cb = 0 ;
i n t proce s scb (/∗ . . . ∗/) {

i np ro c e s s cb = 1 ;
130 // . . .

i np roc e s s cb = 0 ;
re turn 0 ;

}
‘ ‘ ‘

135

## Cache Circumvention
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− ‘ dlopen ‘ caches based on f i l enames ( or inodes ?)

140 − need to ∗∗ copy∗∗ the ‘ go . so ‘ f i l e to a new l o c a t i o n

− double b u f f e r i n g works ( two c o p i e s are enough )

# Detect ing F i l e Changes
145

## Getting INot i f y Events

\ f o n t s i z e {12 pt }{13}\ s e l e c t f o n t

150 ‘ ‘ ‘C
i n t ino = i n o t i f y i n i t ( ) ;
i n t wd = inot i f y add watch ( ino , ” . ” , IN CLOSE WRITE) ;
s s i z e t bu f byte s =

s i z e o f ( s t r u c t i n o t i f y e v e n t ) + NAMEMAX + 1 ;
155 char ∗buf = mal loc ( bu f byte s ) ;

whi l e (1 ) {
memset ( buf , 0 , bu f byte s ) ;
s s i z e t r = read ( ino , buf , bu f byte s ) ; // b lock ing
i f ( r == −1) s l e e p (1 ) ;

160 e l s e /∗ parse events ∗/ ;
}
‘ ‘ ‘

## Pars ing INot i f y Events
165

\ f o n t s i z e {12 pt }{13}\ s e l e c t f o n t

‘ ‘ ‘C
char ∗bufp = buf ;

170 whi le ( bufp < buf + r ) {
s t r u c t i n o t i f y e v e n t ∗ev = bufp ;
bufp += s i z e o f (∗ ev ) + ev−> l en ;
i f ( ev−>mask & IN CLOSE WRITE) {

i f (0 == strcmp (” go . so ” , ev−>name) )
175 /∗ r e l oad ∗/ ;

i f (0 == strcmp (” go . c ” , ev−>name) )
/∗ recompi l e ∗/ ;

}
}

180 ‘ ‘ ‘

# Future Work

## Future Work
185

− embiggen UGen l i b r a r y

− block −based p r o c e s s i n g ( i n c l u d i n g FFT)

190 − low− l a t ency embedded DSP

( cros s −compi le on host , run on dev i ce )

# Thanks
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195

## Cl ive

− <claude@mathr . co . uk>

200 − <https : // mathr . co . uk/ c l i v e >
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## Contents
15

− Overview

− JACK Audio

20 − Dynamic Reloading

− Detect ing F i l e Changes

− Future Work
25

# Overview

## How Cl ive Works

30 − watches a d i r e c t o r y f o r f i l e changes

− r e compi l e s changed sourc e s

− r e l o a d s recompi led l i b r a r y
35

− maintains memory area between r e l o a d s

## Cl ive Strengths

40 − two−phase e d i t /commit c y c l e

− no e x p l i c i t ”DSP graph o f UGens” s epa ra t i on

− compi la t ion i s r e a l t ime s a f e
45

− r e l o a d i n g i s ( almost ) r ea l t ime s a f e

− p r o c e s s i n g uses s i n g l e −sample c a l l b a c k s ( s imple )
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50 ## Cl ive Weaknesses

− e x p l i c i t s t a t e maintenance , append−only

− t iny UGen l i b r a r y
55

− compi la t ion i s high la t ency

− r e l o a d i n g i s at JACK block boundar ies

60 − p r o c e s s i n g uses s i n g l e −sample c a l l b a c k s ( slow )

# JACK Audio

## JACK Cl i en t Setup
65

\ f o n t s i z e {12 pt }{13}\ s e l e c t f o n t

‘ ‘ ‘C
c l i e n t = j a c k c l i e n t o p e n (” l i v e ” , JackNoStartServer , 0) ;

70 j a c k s e t p r o c e s s c a l l b a c k ( c l i e n t , processcb , 0) ;
out por t = j a c k p o r t r e g i s t e r ( c l i e n t , ” l i v e : output 1 ” ,

JACK DEFAULT AUDIO TYPE, JackPortIsOutput , 0) ;
j a c k a c t i v a t e ( c l i e n t ) ;
j a ck connec t ( c l i e n t ,

75 jack port name ( out por t ) , ” system : playback 1 ”) ;
‘ ‘ ‘

## JACK Process Cal lback

80 \ f o n t s i z e {12 pt }{13}\ s e l e c t f o n t

‘ ‘ ‘C
i n t proce s scb ( j a c k n f r a m e s t nframes , void ∗ arg ) {

j a c k d e f a u l t a u d i o s a m p l e t ∗ in , ∗out ;
85 in = j a c k p o r t g e t b u f f e r ( in por t , nframes ) ;

out = j a c k p o r t g e t b u f f e r ( out port , nframes ) ;
f o r ( j a c k n f r a m e s t i = 0 ; i < nframes ; ++i )

out [ i ] = s t a t e . func ( s t a t e . data , in [ i ] ) ;
r e turn 0 ;

90 }
‘ ‘ ‘

## Cl ive Concept

95 − change ‘ s t a t e . func ‘ at runtime

− pre s e rve contents o f ‘ s t a t e . data ‘

# Dynamic Code Reloading
100

## Using ‘ l i b d l ‘

\ f o n t s i z e {12 pt }{13}\ s e l e c t f o n t

105 ‘ ‘ ‘C
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void ∗ o l d d l = 0 ;
void ∗new dl = 0 ;
i f ( ( new dl = dlopen (” go . so ” , RTLD NOW) ) ) {

c a l l b a c k ∗new cb ;
110 new cb = dlsym ( new dl , ”go ”) ;

i f ( new cb ) {
whi le ( i np roc e s s cb ) ; // race cond i t i on
s t a t e . func = new cb ;
s t a t e . r e l oad = 1 ;

115 i f ( o l d d l ) d l c l o s e ( o l d d l ) ;
o l d d l = new dl ;

} e l s e d l c l o s e ( new dl ) ;
}
‘ ‘ ‘

120

## Race Condit ion

− don ’ t unload running code ( otherw i s e . . . boom ! )

125 ‘ ‘ ‘C
v o l a t i l e i np roc e s s cb = 0 ;
i n t proce s scb (/∗ . . . ∗/) {

i np ro c e s s cb = 1 ;
// . . .

130 i np ro c e s s cb = 0 ;
re turn 0 ;

}
‘ ‘ ‘

135 ## Cache Circumvention

− ‘ dlopen ‘ caches based on f i l enames

− need to copy the ‘ go . so ‘ f i l e to a new l o c a t i o n
140

− double b u f f e r i n g works ( two c o p i e s are enough )

# Detect ing F i l e Changes

145 ## Getting INot i f y Events

\ f o n t s i z e {12 pt }{13}\ s e l e c t f o n t

‘ ‘ ‘C
150 i n t ino = i n o t i f y i n i t ( ) ;

i n t wd = inot i f y add watch ( ino , ” . ” , IN CLOSE WRITE) ;
s s i z e t bu f byte s =

s i z e o f ( s t r u c t i n o t i f y e v e n t ) + NAMEMAX + 1 ;
char ∗buf = mal loc ( bu f byte s ) ;

155 whi le (1 ) {
memset ( buf , 0 , bu f byte s ) ;
s s i z e t r = read ( ino , buf , bu f byte s ) ; // b lock ing
i f ( r == −1) s l e e p (1 ) ;
e l s e /∗ parse events ∗/ ;

160 }
‘ ‘ ‘
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## Pars ing INot i f y Events

165 \ f o n t s i z e {12 pt }{13}\ s e l e c t f o n t

‘ ‘ ‘C
char ∗bufp = buf ;
whi l e ( bufp < buf + r ) {

170 s t r u c t i n o t i f y e v e n t ∗ev = bufp ;
bufp += s i z e o f (∗ ev ) + ev−> l en ;
i f ( ev−>mask & IN CLOSE WRITE) {

i f (0 == strcmp (” go . so ” , ev−>name) )
/∗ r e l oad ∗/ ;

175 i f (0 == strcmp (” go . c ” , ev−>name) )
/∗ recompi l e ∗/ ;

}
}
‘ ‘ ‘

180

# Future Work

## Embiggen UGen Library

185 − o s c i l l a t o r s ( bandl imited wavetables , . . . )

− f i l t e r s ( Butterworth , . . . )

− s p a t i a l i s a t i o n ( ambisonics , . . . )
190

− sequenc ing ( var i s t ep , . . . )

## Block−based Proce s s ing

195 − more CPU e f f i c i e n t

− more awkward

− FFT−based s p e c t r a l p r o c e s s i n g
200

## Embedded DSP

− low power audio p r o c e s s i n g d ev i c e s

205 − proce s s e x t e r n a l inputs with very low la t ency

− compi le on host and t r a n s f e r over USB/network

− a l s o support s e n s o r s / e l e c t r o n i c s
210

− rap id prototyp ing o f embedded instruments

# Thanks

215 ## Cl ive

− <claude@mathr . co . uk>

− <https : // mathr . co . uk/ c l i v e >
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220

− <https : // code . mathr . co . uk/ c l i v e >

28 doc/two-phase-pd-1.pd

#N canvas 3 58 680 503 10 ;
#X obj 64 180 dac ˜ ;
#X obj 64 68 osc ˜ 440 ;
#X obj 87 118 −˜ 0 . 2 5 ;

5 #X obj 87 140 cos ˜ ;
#X obj 204 180 dac ˜ ;
#X obj 204 68 osc ˜ 440 ;
#X obj 227 118 −˜ 0 . 2 5 ;
#X obj 227 140 cos ˜ ;

10 #X connect 1 0 0 0 ;
#X connect 1 0 2 0 ;
#X connect 2 0 3 0 ;
#X connect 5 0 6 0 ;
#X connect 6 0 7 0 ;

15 #X connect 7 0 4 0 ;

29 doc/two-phase-pd-1.png

30 doc/two-phase-pd-2.pd

#N canvas 3 58 680 503 10 ;
#X obj 64 193 dac ˜ ;
#X obj 64 68 osc ˜ 440 ;
#X obj 109 94 −˜ 0 . 2 5 ;

5 #X obj 109 113 cos ˜ ;
#X obj 64 133 s ˜ a ;
#X obj 109 132 s ˜ b ;
#X obj 64 171 r ˜ a ;
#X msg 109 151 s e t b ;

10 #X msg 64 152 s e t a ;
#X connect 1 0 2 0 ;
#X connect 1 0 4 0 ;
#X connect 2 0 3 0 ;
#X connect 3 0 5 0 ;

15 #X connect 6 0 0 0 ;
#X connect 7 0 6 0 ;
#X connect 8 0 6 0 ;
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31 doc/two-phase-pd-2.png

32 extra/ascii.png

33 extra/diffc2html.py

from pygments import h i g h l i g h t
from pygments . l e x e r s . compiled import CLexer
from pygments . f o rmat t e r s import HtmlFormatter

5 pr in t ”<pre>”
try :

whi l e True :
l i n e = raw input ( )
i f ( l i n e [ : 4 ] == ’ d i f f ’ ) or ( l i n e [ : 5 ] == ’ index ’ ) or ( l i n e [ : 3 ] == ’−−− ’) or (⤦

Ç l i n e [ : 3 ] == ’+++’) :
10 pr in t ( ’< span c l a s s =”dh”>’ + l i n e + ’</span > ’)

e l i f l i n e [ : 2 ] == ’@@’ :
i x = l i n e [ 2 : ] . index ( ’@’ ) + 4
pr in t ( ’< span c l a s s =”dl ”>’ + l i n e [ : i x ] + h i g h l i g h t ( l i n e [ i x : ] , CLexer ( ) , ⤦

Ç HtmlFormatter ( nowrap=True ) ) [ : − 1 ] + ’</span > ’)
e l i f l i n e [ : 1 ] == ’ ’ :

15 pr in t ( ’< span c l a s s =”du”> ’ + h i g h l i g h t ( l i n e [ 1 : ] , CLexer ( ) , HtmlFormatter (⤦
Ç nowrap=True ) ) [ : − 1 ] + ’</span > ’)
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e l i f l i n e [ : 1 ] == ’+ ’ :
p r i n t ( ’< span c l a s s =”di”>+’ + h i g h l i g h t ( l i n e [ 1 : ] , CLexer ( ) , HtmlFormatter (⤦

Ç nowrap=True ) ) [ : − 1 ] + ’</span > ’)
e l i f l i n e [ : 1 ] == ’ − ’ :

p r i n t ( ’< span c l a s s =”dd”>−’ + h i g h l i g h t ( l i n e [ 1 : ] , CLexer ( ) , HtmlFormatter (⤦
Ç nowrap=True ) ) [ : − 1 ] + ’</span > ’)

20 e l s e :
p r i n t ( ’< span c l a s s =”dw”>’ + l i n e + ’</span > ’)

except EOFError :
pass

p r i n t ”</pre>”

34 extra/git-term-log.sh

#!/ bin / sh
g i t l og −−pre t ty=format :”%H” −− r e v e r s e −− a f t e r 2012−01−01 |
whi le read commit
do

5 g i t show −− c o l o r −−word− d i f f=c o l o r −−pre t ty=format :”%n%Cblue%H%Creset %C(⤦
Ç ye l low )%c i%Creset%n” $commit

done |
most

35 extra/Makefile

GCC ?= gcc −8

v i s u a l s : v i s u a l s . c . . / c l i e n t /dsp . h . . / c l i e n t /dsp /∗ . h a s c i i . pgm
$ (GCC) −xc++ −std=c++11 −Wall −pedant ic −Wextra −Wno−unused−parameter −⤦

Ç O3 −march=nat ive − I . . / c l i e n t / −o v i s u a l s v i s u a l s . c −lGL −lGLEW −⤦

Ç l g l f w − l v 4 l 2 ‘ pkg− c o n f i g −− c f l a g s −− l i b s jack ‘ −lm − l j p e g
5

a s c i i . pgm: a s c i i . png
pngtopnm < a s c i i . png > a s c i i . pgm

36 extra/session2html.sh

#!/ bin / sh
i f [ ”x${1}” = ”x” ]
then

echo ” usage : ${0} s e s s i on −branch [ s e s s i on − s t a r t ] ”
5 e x i t 1

f i
branch=”${1}”
date=”$ ( echo ”${2:−${1}}” | sed ” s / s e s s i on − \ ( . . . . − . . − . . \ ) −\ ( . .\ ) \ ( . . \ ) \ ( . . \ ) /\1 ⤦

Ç \2 :\3 :\4/” ) ”
tmp=”$ (mktemp −p ’ ’ −d se s s i on2html .XXXXXXXXXX) ”

10 ( g i t l og −−pre t ty=format :”%H” −− r e v e r s e −− a f t e r ”${date }” ”${branch }” && echo ) >⤦
Ç ”${tmp}/commits . txt ”

cat ”${tmp}/commits . txt ” |
whi le read commit
do

echo ”<div c l a s s =’commit ’ id =’commit−$commit ’>” &&
15 g i t show −−pre t ty=format : ” d i f f @ %c i ” ”$commit” |

python extra / d i f f c 2 h t m l . py &&
echo ”</div>”
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done > ”${tmp}/ d i f f s . html” &&
cat ”${tmp}/commits . txt ” |

20 (
o s e c s=”$ ( date −d ”${date }” +%s ) ”
whi l e read commit
do

s e c s=”$ ( date −d ”$ ( g i t show −−pre t ty=%c i $commit | head −n 1) ” +%s ) ”
25 d e l t a=”$ ( ( s e c s − o s e c s ) ) ”

echo ”${ d e l t a }”
done

) > ”${tmp}/ t imes . txt ”
(

30 cat << EOF &&
<!DOCTYPE html>
<html>
<head>
<t i t l e >${branch}</ t i t l e >

35 <s t y l e type=’ text / css ’>
body {

text −a l i g n : c en t e r ;
background− c o l o r : grey ;

}
40 h1 {

background− c o l o r : white ;
width : 40 ex ;
margin : 1em auto ;
padding : 0 .25em 1em;

45 border 1px s o l i d ;
}
audio { width : 100%; }
h2 { text −a l i g n : c en t e r ; }
p { text −a l i g n : j u s t i f y ; }

50 . commit {
text −a l i g n : l e f t ;
background− c o l o r : white ;
width : 80 ex ;
margin : 2em auto ;

55 padding : 0 1em;
border : 1px s o l i d ;
d i s p l ay : none ;

}
. commit . k , . commit . kr , . commit . kt , . commit . p { font −weight : bold ; }

60 . commit . c1 { font − s t y l e : i t a l i c ; }
. commit . dh : f i r s t − c h i l d { font −weight : bold ; c o l o r : b lack ; }
. commit . dh { width : 32 ex ; d i s p l ay : i n l i n e −block ; f l o a t : r i g h t ; c o l o r : s i l v e r ; }
. commit . d l { c o l o r : b lue ; }
. commit . du { c o l o r : grey ; }

65 . commit . d i { c o l o r : green ; }
. commit . dd { c o l o r : red ; }
</s ty l e>
<s c r i p t type=”text / j a v a s c r i p t”>
var t imes ;

70 var commits ;
f unc t i on search ( t ) {

var l o = 0 ;
var h i = times . l ength − 1 ;
whi l e ( l o + 1 < hi ) {
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75 var mi = Math . f l o o r ( ( l o + hi ) / 2) ;
i f ( t imes [ mi ] <= t ) {

l o = mi ;
} e l s e {

hi = mi ;
80 }

}
re turn commits [ l o ] ;

}
f unc t i on go ( ) {

85 var cur rent = n u l l ;
var p laye r = document . getElementById (” p layer ”) ;
p laye r . ontimeupdate =

func t i on ( ) {
var commit = document . getElementById (” commit−” + search ( p laye r . currentTime⤦

Ç ) ) ;
90 i f ( ! ! cu r r ent ) {

cur rent . s t y l e . d i sp l a y = ”none ” ;
}
i f ( ! ! commit ) {

commit . s t y l e . d i s p l ay = ” block ” ;
95 }

cur rent = commit ;
} ;

}
t imes = [

100 0 ,
EOF

cat ”${tmp}/ t imes . txt ” |
sed ’ s /$ / ,/ ’
cat << EOF

105 1000000 ] ;
commits = [
” i n t r o ” ,
EOF

cat ”${tmp}/commits . txt ” |
110 sed ’ s /ˆ/”/ ’ |

sed ’ s /$ /” ,/ ’
cat << EOF

” outro ” ] ;
</s c r i p t >

115 </head>
<body onload=”j a v a s c r i p t : go ( )”>
<h1>${branch}</h1>
<audio id=”p layer ” autoplay cont ro l s>
<source s r c=”${branch } . ogg” type=”audio /ogg ; codecs=vorb i s”>

120 </audio>
<div c l a s s =’commit ’ id =’commit− i n t ro ’>
<h2><a h r e f=”https : // code . mathr . co . uk/ c l i v e ” t i t l e =” c l i v e ” t a r g e t=” blank”>c l i v e ⤦

Ç </a></h2>
<p>a C audio l i v e −coding ske l e ton </p>
</div>

125 EOF
cat ”${tmp}/ d i f f s . html” &&
cat << EOF

<div c l a s s =’commit ’ id =’commit−outro ’>
<h2>the end</h2>
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130 </div>
</body>
</html>
EOF
) > ”${branch } . html”

37 extra/visuals.c

#i f n d e f GNU SOURCE
#d e f i n e GNU SOURCE
#e n d i f

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

10 #inc lude <sys / types . h>
#inc lude <sys / time . h>
#inc lude <sys /mman. h>
#inc lude < f c n t l . h>
#inc lude < l i b v 4 l 2 . h>

15 #inc lude <l i nux / videodev2 . h>
#inc lude <setjmp . h>
#inc lude < j p e g l i b . h>

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

#d e f i n e GLM FORCE RADIANS
#inc lude <glm/ gtc / matr ix t rans form . hpp>

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

us ing std : : i snan ;
us ing std : : i s i n f ;
typede f f l o a t sample ;
#d e f i n e SR 48000

30 #inc lude ”dsp . h”

j a c k c l i e n t t ∗ j c l i e n t = 0 ;
j a c k p o r t t ∗ j i n [ 2 ] = { 0 , 0 } ;

35 f l o a t h u e s h i f t [ 3 ] = { 1 , 1 , 1 } ;

unsigned char ∗webcam buffer = 0 ;
unsigned char ∗∗ webcam buf fe r ptrs = 0 ;
s t r u c t webcam buffer {

40 void ∗ s t a r t ;
s i z e t l ength ;

} ;
s t r u c t webcam buffer ∗ webcam buffers = 0 ;

45 GLint u t e x t s i z e = −1;
GLint u h u e s h i f t = −1;
GLint u hue ro ta t e = −1;
GLint u hue unrotate = −1;
GLint u f l y s i z e = −1;
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50

const char ∗ t e x t v e r t =
”#ve r s i on 330 core \n”
” uniform vec2 s c r e e n s i z e ;\n”
” in vec2 pos ;\n”

55 ” in vec2 tc ;\n”
” out vec2 coord ;\n”
” void main ( ) {\n”
” g l P o s i t i o n = vec4 ( pos , 0 . 0 , 1 . 0 ) ;\n”
” coord = s c r e e n s i z e ∗ tc ;\n”

60 ”}\n”
;

const char ∗ t e x t f r a g =
”#ve r s i on 330 core \n”

65 ” uniform sampler2D webcam ;\n”
” uniform sampler2D text ;\n”
” uniform sampler2D a s c i i ;\n”
” uniform vec2 webcam size ;\n”
” uniform vec2 s c r e e n s i z e ;\n”

70 ” uniform vec2 t e x t s i z e ;\n”
” uniform vec3 h u e s h i f t ;\n”
” uniform mat3 hue ro ta t e ;\n”
” uniform mat3 hue unrotate ;\n”
” uniform f l o a t f l y s i z e ;\n”

75 ” const f l o a t f l y f a c t o r = 2 . 0 ; \ n”
” in vec2 coord ;\n”
” out vec4 co l our ;\n”
” void main ( ) {\n”
” f l o a t s c r e e n a s p e c t = s c r e e n s i z e . x / s c r e e n s i z e . y ;\n”

80 ” f l o a t t e x t a s p e c t = t e x t s i z e . x / t e x t s i z e . y ;\n”
” f l o a t webcam aspect = webcam size . x / webcam size . y ;\n”
” vec2 webcam coord = coord / s c r e e n s i z e ;\n”
” webcam coord −= vec2 ( 0 . 5 ) ;\n”
” i f ( webcam aspect < s c r e e n a s p e c t ) {\n”

85 ” webcam coord . y ∗= webcam aspect / s c r e e n a s p e c t ;\n”
” } e l s e {\n”
” webcam coord . x /= webcam aspect / s c r e e n a s p e c t ;\n”
” }\n”
” vec2 webcam coord1 = webcam coord ;\n”

90 ” f l o a t r = s q r t ( 3 . 0 ) /2 .0 ∗ ( 4 . 0 / 3 . 0 ) / (1 6 . 0 / 9 . 0 ) ;\n”
” webcam coord . y ∗= r ;\n”
” webcam coord1 . y ∗= r ;\n”
” vec2 middle = round ( f l y s i z e ∗ vec2 ( webcam coord . x + webcam coord . y / 2 . 0 , ⤦

Ç webcam coord . y ) ) ;\n”
” middle . x −= middle . y / 2 . 0 ; \ n”

95 ” vec2 middle0 = middle ;\n”
” vec2 middle1 = middle + vec2 ( 1 . 0 , 0 . 0 ) ;\n”
” vec2 middle2 = middle + vec2 ( −1 .0 , 0 . 0 ) ;\n”
” vec2 middle3 = middle + vec2 ( −0 .5 , 1 . 0 ) ;\n”
” vec2 middle4 = middle + vec2 ( 0 . 5 , 1 . 0 ) ;\n”

100 ” vec2 middle5 = middle + vec2 ( −0 .5 , −1.0) ;\n”
” vec2 middle6 = middle + vec2 ( 0 . 5 , −1.0) ;\n”
” middle0 /= f l y s i z e ;\n”
” middle1 /= f l y s i z e ;\n”
” middle2 /= f l y s i z e ;\n”

105 ” middle3 /= f l y s i z e ;\n”
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” middle4 /= f l y s i z e ;\n”
” middle5 /= f l y s i z e ;\n”
” middle6 /= f l y s i z e ;\n”
” f l o a t d = 1 . 0 / 0 . 0 ; \ n”

110 ” i f ( d i s t anc e ( webcam coord , middle0 ) < d) {\n”
” d = d i s t anc e ( webcam coord , middle0 ) ;\n”
” middle = middle0 ;\n”
” }\n”
” i f ( d i s t anc e ( webcam coord , middle1 ) < d) {\n”

115 ” d = d i s t anc e ( webcam coord , middle1 ) ;\n”
” middle = middle1 ;\n”
” }\n”
” i f ( d i s t anc e ( webcam coord , middle2 ) < d) {\n”
” d = d i s t anc e ( webcam coord , middle2 ) ;\n”

120 ” middle = middle2 ;\n”
” }\n”
” i f ( d i s t anc e ( webcam coord , middle3 ) < d) {\n”
” d = d i s t anc e ( webcam coord , middle3 ) ;\n”
” middle = middle3 ;\n”

125 ” }\n”
” i f ( d i s t anc e ( webcam coord , middle4 ) < d) {\n”
” d = d i s t anc e ( webcam coord , middle4 ) ;\n”
” middle = middle4 ;\n”
” }\n”

130 ” i f ( d i s t anc e ( webcam coord , middle5 ) < d) {\n”
” d = d i s t anc e ( webcam coord , middle5 ) ;\n”
” middle = middle5 ;\n”
” }\n”
” i f ( d i s t anc e ( webcam coord , middle6 ) < d) {\n”

135 ” d = d i s t anc e ( webcam coord , middle6 ) ;\n”
” middle = middle6 ;\n”
” }\n”
” ivec2 imidd le = ivec2 ( f l o o r ( f l y s i z e ∗ middle ∗ 2 . 0 ) ) ;\n”
” i n t i c e l l = i n t ( f l o o r ( f l o a t ( imidd le . x ) / 2 . 0 ) ) + ((1 + i n t ( f l o o r ( f l o a t (⤦

Ç imidd le . y ) / 2 . 0 ) ) ) & 1) ;\n”
140 ” i c e l l += 1000;\n”

” i c e l l = i n t ( ( f l o a t ( i c e l l ) /3 .0 − f l o o r ( f l o a t ( i c e l l ) / 3 . 0 ) ) ∗ 3 . 0 ) % 3 ;\n”
” vec3 ce l l mask = vec3 ( 1 . 0 ) ;\n”
” ce l l mask [ i c e l l ] = 0 . 5 ; \ n”
” webcam coord = webcam coord + f l y f a c t o r ∗ ( webcam coord − middle ) ;\n”

145 ” webcam coord1 = webcam coord1 + f l y f a c t o r ∗ webcam coord1 ;\n”
” webcam coord . y /= r ;\n”
” webcam coord1 . y /= r ;\n”
” webcam coord += vec2 ( 0 . 5 ) ;\n”
” webcam coord1 += vec2 ( 0 . 5 ) ;\n”

150 ” vec3 webcam colour = textureGrad (webcam , webcam coord , dFdx( webcam coord1 ) , ⤦
Ç dFdy( webcam coord1 ) ) . rgb ;\n”

” f l o a t s c a l e ;\n”
” vec2 o f f s e t = vec2 ( 0 . 0 ) ;\n”
” i f ( t e x t a s p e c t < s c r e e n a s p e c t ) {\n”
” s c a l e = t e x t s i z e . y / s c r e e n s i z e . y ;\n”

155 ” o f f s e t = vec2 ( ( s c a l e ∗ s c r e e n s i z e . x − t e x t s i z e . x ) / 2 . 0 , 0 . 0 ) ;\n”
” } e l s e {\n”
” s c a l e = t e x t s i z e . x / s c r e e n s i z e . x ;\n”
” o f f s e t = vec2 ( 0 . 0 , ( s c a l e ∗ s c r e e n s i z e . y − t e x t s i z e . y ) / 2 . 0 ) ;\n”
” }\n”

160 ” vec2 index = s c a l e ∗ coord − o f f s e t ;\n”
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” ivec2 ix = ivec2 ( i n t ( f l o o r ( index . x ) ) , i n t ( f l o o r ( index . y ) ) ) ;\n”
” vec2 index1 = index ;\n”
” index −= vec2 ( ix ) ;\n”
” i n t glyph = max(0 , i n t ( round (255 . 0 ∗ t exe lFe tch ( text , ix , 0) . r ) ) − 32) ;\⤦

Ç n”
165 ” i n t l i n e g l y p h = max(0 , i n t ( round (255 . 0 ∗ t exe lFe tch ( text , i v e c2 (1 , i x . y ) , 0)⤦

Ç . r ) ) − 32) ;\n”
” vec2 g lyph coord = vec2 ( f l o a t ( glyph % 16) , f l o a t ( glyph / 16) ) ;\n”
” g lyph coord += index ;\n”
” g lyph coord ∗= vec2 ( 1 . 0 / 16 . 0 , 1 . 0 / 6 . 0 ) ;\n”
” vec2 g lyph coord1 = index1 ∗ vec2 ( 1 . 0 / 16 . 0 , 1 . 0 / 6 . 0 ) ;\n”

170 ” vec3 base = vec3 ( 0 . 2 5 ) ;\n”
” i f ( l i n e g l y p h == 0) { base = vec3 ( 1 . 0 ) ; } e l s e \n”
” i f ( l i n e g l y p h == 32) { base = vec3 ( 0 . 2 5 , 0 . 25 , 1 . 0 ) ; } e l s e \n”
” i f ( l i n e g l y p h == 11) { base = vec3 ( 0 . 2 5 , 1 . 0 , 0 . 2 5 ) ; } e l s e \n”
” i f ( l i n e g l y p h == 13) { base = vec3 ( 1 . 0 , 0 . 25 , 0 . 2 5 ) ; }\n”

175 ” webcam colour = hue ro ta t e ∗ webcam colour ;\n”
” vec3 webcam colour1 = 0 .5 ∗ ( 1 . 0 − cos ( h u e s h i f t ∗ 3.141592653 ∗ ⤦

Ç webcam colour ) ) ;\n”
” webcam colour = mix ( webcam colour , webcam colour1 , c e l l mask ) ;\n”
” webcam colour = hue unrotate ∗ webcam colour ;\n”
” webcam colour = clamp ( webcam colour , 0 . 0 , 1 . 0 ) ;\n”

180 ” vec3 g lyph co l ou r = base ∗\n”
” textureGrad ( a s c i i , g lyph coord , dFdx( g lyph coord1 ) , dFdy( g lyph coord1 ) ) . r ;\⤦

Ç n”
” co l our = vec4 ( 2 . 0 ∗ g lyph co l ou r + webcam colour , 2 . 0 ) ∗ 0 . 5 ; \ n”
”}\n”
;

185

void debug program ( GLuint program , const char ∗name) {
i f ( program ) {

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

190 i f ( l i nked != GL TRUE) {
f p r i n t f ( s tde r r , ”%s : OpenGL shader program l i n k f a i l e d \n” , name) ;

}
GLint l ength = 0 ;
glGetProgramiv ( program , GL INFO LOG LENGTH, &length ) ;

195 char ∗ b u f f e r = ( char ∗) mal loc ( l ength + 1) ;
glGetProgramInfoLog ( program , length , 0 , b u f f e r ) ;
b u f f e r [ l ength ] = 0 ;
i f ( b u f f e r [ 0 ] ) {

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

}
f r e e ( b u f f e r ) ;

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

205 }
}

void debug shader ( GLuint shader , GLenum type , const char ∗name) {
const char ∗tname = 0 ;

210 switch ( type ) {
case GL VERTEX SHADER: tname = ” vertex ” ; break ;
case GL FRAGMENT SHADER: tname = ” fragment ” ; break ;
d e f a u l t : tname = ”unknown ” ; break ;
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}
215 i f ( shader ) {

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

f p r i n t f ( s tde r r , ”%s : OpenGL %s shader compi le f a i l e d \n” , name , tname ) ;
220 }

GLint l ength = 0 ;
g lGetShader iv ( shader , GL INFO LOG LENGTH, &length ) ;
char ∗ b u f f e r = ( char ∗) mal loc ( l ength + 1) ;
g lGetShaderInfoLog ( shader , length , 0 , b u f f e r ) ;

225 b u f f e r [ l ength ] = 0 ;
i f ( b u f f e r [ 0 ] ) {

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

}
230 f r e e ( b u f f e r ) ;

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

}
}

235

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

GLuint shader = glCreateShader ( type ) ;
g lShaderSource ( shader , 1 , &source , 0) ;
glCompileShader ( shader ) ;

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

}

245 GLint compile program ( const char ∗name , const GLchar ∗ vert , const GLchar ∗ f r a g ) ⤦
Ç {

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

250 debug program ( program , name) ;
r e turn program ;

}

void k e y p r e s s h a n d l e r (GLFWwindow ∗window , i n t key , i n t scancode , i n t act ion , ⤦
Ç i n t mods) {

255 ( void ) scancode ;
( void ) mods ;
i f ( a c t i on == GLFW PRESS) {

switch ( key ) {
case GLFW KEY Q: case GLFW KEY ESCAPE: glfwSetWindowShouldClose ( window , ⤦

Ç GL TRUE) ; break ;
260 }

}
}

GLFWwindow ∗ create window ( i n t major , i n t minor , i n t width , i n t he ight ) {
265 glfwWindowHint (GLFW CONTEXT VERSION MAJOR, major ) ;

glfwWindowHint (GLFW CONTEXT VERSION MINOR, minor ) ;
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glfwWindowHint (GLFW OPENGL FORWARD COMPAT, GL TRUE) ;
glfwWindowHint (GLFW OPENGL PROFILE, GLFW OPENGL CORE PROFILE) ;
glfwWindowHint (GLFW RESIZABLE, GL FALSE) ;

270 GLFWwindow ∗window = glfwCreateWindow ( width , height , ” c l i v e ” , 0 , 0) ;
i f ( ! window ) {

f p r i n t f ( s tde r r , ” couldn ’ t c r e a t e window with OpenGL core %d.%d context \n” , ⤦
Ç major , minor ) ;

}
re turn window ;

275 }

GLFWwindow ∗ c r e a t e c o n t e x t ( i n t width , i n t he ight ) {
i f ( ! g l f w I n i t ( ) ) {

f p r i n t f ( s tde r r , ” couldn ’ t i n i t i a l i z e g l fw \n”) ;
280 re turn 0 ;

}
i n t major , minor ;
GLFWwindow ∗window = create window ( major = 3 , minor = 3 , width , he ight ) ;
i f ( ! window ) {

285 f p r i n t f ( s tde r r , ” couldn ’ t c r e a t e window\n”) ;
r e turn 0 ;

}
glfwMakeContextCurrent ( window ) ;
glewExperimental = GL TRUE;

290 g l e w I n i t ( ) ;
g lGetError ( ) ;
r e turn window ;

}

295 void i n i t i a l i z e g l ( i n t screen width , i n t s c r e en he i gh t , i n t webcam width , i n t ⤦
Ç webcam height , i n t t e x t b u f f e r w i d t h , i n t t e x t b u f f e r h e i g h t ) {

GLuint program = compile program (” text ” , t e x t v e r t , t e x t f r a g ) ;
glUseProgram ( program ) ;
GLint ipo s = glGetAttr ibLocat ion ( program , ”pos ”) ;
GLint i t c = glGetAttr ibLocat ion ( program , ” tc ”) ;

300 GLint u s c r e e n s i z e = glGetUniformLocation ( program , ” s c r e e n s i z e ”) ;
GLint u webcam size = glGetUniformLocation ( program , ” webcam size ”) ;
u t e x t s i z e = glGetUniformLocation ( program , ” t e x t s i z e ”) ;
GLint u webcam = glGetUniformLocation ( program , ”webcam”) ;
GLint u a s c i i = glGetUniformLocation ( program , ” a s c i i ”) ;

305 GLint u tex t = glGetUniformLocation ( program , ” text ”) ;
u h u e s h i f t = glGetUniformLocation ( program , ” h u e s h i f t ”) ;
u hue ro ta t e = glGetUniformLocation ( program , ” hue ro ta t e ”) ;
u hue unrotate = glGetUniformLocation ( program , ” hue unrotate ”) ;
u f l y s i z e = glGetUniformLocation ( program , ” f l y s i z e ”) ;

310 g lUni form1i ( u webcam , 0) ;
g lUni form1i ( u text , 1) ;
g lUni form1i ( u a s c i i , 2) ;
g lUni form2f ( u s c r e e n s i z e , screen width , s c r e e n h e i g h t ) ;
g lUni form2f ( u webcam size , webcam width , webcam height ) ;

315 GLuint vao ;
glGenVertexArrays (1 , &vao ) ;
glBindVertexArray ( vao ) ;
GLuint vbo ;
g lGenBuf fers (1 , &vbo ) ;

320 g lB indBuf f e r (GL ARRAY BUFFER, vbo ) ;
GLfloat vbo data [ ] =
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{ −1 , −1 , 0 , 1
, −1 , 1 , 0 , 0
, 1 , −1 , 1 , 1

325 , 1 , 1 , 1 , 0
} ;

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

Ç ∗) 0) + 2 ∗ s i z e o f ( GLfloat ) ) ;
330 glEnableVertexAttr ibArray ( ipo s ) ;

g lEnableVertexAttr ibArray ( i t c ) ;
g lAct iveTexture (GL TEXTURE0) ;
GLuint t webcam = 0 ;
glGenTextures (1 , &t webcam ) ;

335 glBindTexture (GL TEXTURE 2D, t webcam ) ;
glTexImage2D (GL TEXTURE 2D, 0 , GL RGB, webcam width , webcam height , 0 , GL RGB,⤦

Ç GL UNSIGNED BYTE, 0) ;
glGenerateMipmap (GL TEXTURE 2D) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTURE MIN FILTER, GL LINEAR MIPMAP LINEAR)⤦

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

340 glTexParameteri (GL TEXTURE 2D, GL TEXTURE WRAP S, GL CLAMP TO EDGE) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTURE WRAP T, GL CLAMP TO EDGE) ;
g lAct iveTexture (GL TEXTURE1) ;
GLuint t t e x t = 0 ;
glGenTextures (1 , &t t e x t ) ;

345 glBindTexture (GL TEXTURE 2D, t t e x t ) ;
glTexImage2D (GL TEXTURE 2D, 0 , GL RED, t e x t b u f f e r w i d t h , t e x t b u f f e r h e i g h t , ⤦

Ç 0 , GL RED, GL UNSIGNED BYTE, 0) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTURE MIN FILTER, GL NEAREST) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTURE MAG FILTER, GL NEAREST) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTURE WRAP S, GL CLAMP TO EDGE) ;

350 glTexParameteri (GL TEXTURE 2D, GL TEXTURE WRAP T, GL CLAMP TO EDGE) ;
g lAct iveTexture (GL TEXTURE2) ;
GLuint t a s c i i = 0 ;
glGenTextures (1 , &t a s c i i ) ;
g lBindTexture (GL TEXTURE 2D, t a s c i i ) ;

355 unsigned char ∗ a s c i i d a t a = ( unsigned char ∗) mal loc (2048 ∗ 768) ;
FILE ∗ a s c i i f i l e = fopen (” a s c i i . pgm” , ” rb ”) ;
f s c a n f ( a s c i i f i l e , ”P5\n2048 768\n255 ”) ;
i n t c = f g e t c ( a s c i i f i l e ) ;
a s s e r t ( c == ’\n ’ ) ;

360 f r ead ( a s c i i d a t a , 2048 ∗ 768 , 1 , a s c i i f i l e ) ;
f c l o s e ( a s c i i f i l e ) ;
glTexImage2D (GL TEXTURE 2D, 0 , GL RED, 2048 , 768 , 0 , GL RED, GL UNSIGNED BYTE,⤦

Ç a s c i i d a t a ) ;
f r e e ( a s c i i d a t a ) ;
glGenerateMipmap (GL TEXTURE 2D) ;

365 glTexParameteri (GL TEXTURE 2D, GL TEXTURE MIN FILTER, GL LINEAR MIPMAP LINEAR)⤦
Ç ;

g lTexParameteri (GL TEXTURE 2D, GL TEXTURE MAG FILTER, GL LINEAR) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTURE WRAP S, GL CLAMP TO EDGE) ;
glTexParameteri (GL TEXTURE 2D, GL TEXTURE WRAP T, GL CLAMP TO EDGE) ;

}
370

i n t i n i t i a l i z e w e b c a m ( const char ∗dev , i n t ∗width , i n t ∗ he ight ) {
i n t webcam = v4l2 open ( dev , ORDWR | O NONBLOCK, 0) ;
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s t r u c t v 4 l 2 c a p a b i l i t y cap ;
memset(&cap , 0 , s i z e o f ( cap ) ) ;

375 i f (−1 == v 4 l 2 i o c t l (webcam , VIDIOC QUERYCAP, &cap ) ) {
f p r i n t f ( s tde r r , ” not a video dev i c e \n”) ;
e x i t (1 ) ;

}
i f ( ! ( cap . c a p a b i l i t i e s & V4L2 CAP VIDEO CAPTURE) ) {

380 f p r i n t f ( s tde r r , ” not a video capture dev i c e \n”) ;
e x i t (1 ) ;

}
i f ( ! ( cap . c a p a b i l i t i e s & V4L2 CAP READWRITE) ) {

f p r i n t f ( s tde r r , ”no support f o r read i /o\n”) ;
385 e x i t (1 ) ;

}
s t r u c t v4 l2 fo rmat format ;
memset(&format , 0 , s i z e o f ( format ) ) ;
format . type = V4L2 BUF TYPE VIDEO CAPTURE;

390 i f (−1 == v 4 l 2 i o c t l (webcam , VIDIOC G FMT, &format ) ) {
f p r i n t f ( s tde r r , ” couldn ’ t get v ideo format\n”) ;
e x i t (1 ) ;

}
∗width = format . fmt . pix . width ;

395 ∗ he ight = format . fmt . pix . he ight ;
format . fmt . pix . p ixe l f o rmat = V4L2 PIX FMT MJPEG ;
i f (−1 == v 4 l 2 i o c t l (webcam , VIDIOC S FMT , &format ) ) {

f p r i n t f ( s tde r r , ” couldn ’ t s e t v ideo format\n”) ;
e x i t (1 ) ;

400 }
i f ( format . fmt . pix . p ixe l f o rmat != V4L2 PIX FMT MJPEG) {

f p r i n t f ( s tde r r , ” v ideo format mismatch\n”) ;
e x i t (1 ) ;

}
405 s t r u c t v 4 l 2 r e q u e s t b u f f e r s req ;

memset(&req , 0 , s i z e o f ( req ) ) ;
req . count = 4 ;
req . type = V4L2 BUF TYPE VIDEO CAPTURE;
req . memory = V4L2 MEMORY MMAP;

410 i f (−1 == v 4 l 2 i o c t l (webcam , VIDIOC REQBUFS, &req ) ) {
f p r i n t f ( s tde r r , ” couldn ’ t s e t v ideo reqbu f s \n”) ;
e x i t (1 ) ;

}
webcam buffers = ( s t r u c t webcam buffer ∗) c a l l o c ( req . count , s i z e o f (∗⤦

Ç webcam buffers ) ) ;
415 s t r u c t v 4 l 2 b u f f e r buf ;

unsigned i n t n b u f f e r s ;
f o r ( n b u f f e r s = 0 ; n b u f f e r s < req . count ; ++n b u f f e r s ) {

memset(&buf , 0 , s i z e o f ( buf ) ) ;
buf . type = V4L2 BUF TYPE VIDEO CAPTURE;

420 buf . memory = V4L2 MEMORY MMAP;
buf . index = n b u f f e r s ;
i f (−1 == v 4 l 2 i o c t l (webcam , VIDIOC QUERYBUF, &buf ) ) {

f p r i n t f ( s tde r r , ” couldn ’ t query video b u f f e r \n”) ;
e x i t (1 ) ;

425 }
webcam buffers [ n b u f f e r s ] . l ength = buf . l ength ;
webcam buffers [ n b u f f e r s ] . s t a r t = v4l2 mmap (0 , buf . length , PROT READ | ⤦

Ç PROT WRITE, MAP SHARED, webcam , buf .m. o f f s e t ) ;
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i f (MAP FAILED == webcam buffers [ n b u f f e r s ] . s t a r t ) {
f p r i n t f ( s tde r r , ” couldn ’ t mmap video b u f f e r \n”) ;

430 e x i t (1 ) ;
}

}
f o r ( unsigned i n t i = 0 ; i < n b u f f e r s ; ++i ) {

memset(&buf , 0 , s i z e o f ( buf ) ) ;
435 buf . type = V4L2 BUF TYPE VIDEO CAPTURE;

buf . memory = V4L2 MEMORY MMAP;
buf . index = i ;
i f (−1 == v 4 l 2 i o c t l (webcam , VIDIOC QBUF, &buf ) ) {

f p r i n t f ( s tde r r , ” couldn ’ t queue video b u f f e r \n”) ;
440 e x i t (1 ) ;

}
}
enum v4 l 2 bu f t ype type = V4L2 BUF TYPE VIDEO CAPTURE;
i f (−1 == v 4 l 2 i o c t l (webcam , VIDIOC STREAMON, &type ) ) {

445 f p r i n t f ( s tde r r , ” couldn ’ t s t a r t v ideo streaming \n”) ;
e x i t (1 ) ;

}
webcam buffer = ( unsigned char ∗) mal loc (∗ width ∗ ∗ he ight ∗ 3) ;
webcam buf fe r ptrs = ( unsigned char ∗∗) mal loc (∗ he ight ∗ s i z e o f (∗⤦

Ç webcam buf fe r ptrs ) ) ;
450 f o r ( i n t i = 0 ; i < ∗ he ight ; ++i )

webcam buf fe r ptrs [ i ] = webcam buffer + i ∗ ∗width ∗ 3 ;
re turn webcam ;

}

455 s t r u c t j e r r {
s t r u c t jp eg e r ro r mgr e ;
jmp buf j ;

} ;

460 void j e r r h a n d l e r ( j common ptr c i n f o )
{

s t r u c t j e r r ∗ j e r r = ( s t r u c t j e r r ∗) c in fo −>e r r ;
longjmp ( j e r r −>j , 1) ;

}
465

i n t read webcam ( i n t webcam , i n t width , i n t he ight ) {
f d s e t fd s ;
FD ZERO(& fds ) ;
FD SET(webcam , &fd s ) ;

470 s t r u c t t imeva l tv ;
tv . t v s e c = 0 ;
tv . tv u s e c = 1000000 / 60 ;
i n t r = s e l e c t (webcam + 1 , &fds , 0 , 0 , &tv ) ;
i f ( r != 1) {

475 re turn 0 ;
}
s t r u c t v 4 l 2 b u f f e r buf ;
memset(&buf , 0 , s i z e o f ( buf ) ) ;
buf . type = V4L2 BUF TYPE VIDEO CAPTURE;

480 buf . memory = V4L2 MEMORY MMAP;
i f (−1 == v 4 l 2 i o c t l (webcam , VIDIOC DQBUF, &buf ) ) {

re turn 0 ;
}
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485 s t r u c t jp eg decompre s s s t ruc t c i n f o ;
s t r u c t j e r r j e r r ;
c i n f o . e r r = j p e g s t d e r r o r (& j e r r . e ) ;
j e r r . e . e r r o r e x i t = j e r r h a n d l e r ;
i f ( setjmp ( j e r r . j ) ) {

490 j peg des t roy decompres s (& c i n f o ) ;
v 4 l 2 i o c t l (webcam , VIDIOC QBUF, &buf ) ;
r e turn 0 ;

}
j p eg c r ea t e decompre s s (& c i n f o ) ;

495 jpeg mem src(& c in fo , ( const unsigned char ∗) webcam buffers [ buf . index ] . s t a r t , ⤦
Ç buf . l ength ) ;

j p eg r ead heade r (& c in fo , 0) ;
j p e g s t a r t d e c om pr e s s (& c i n f o ) ;
i f ( c i n f o . output width == ( unsigned i n t ) width && c i n f o . output he ight == (⤦

Ç unsigned i n t ) he ight && c i n f o . output components == 3)
whi l e ( c i n f o . o u t p u t s c a n l i n e < c i n f o . output he ight )

500 j p e g r e a d s c a n l i n e s (& c in fo , webcam buf fe r ptrs + c i n f o . ou tput s can l ine , ⤦
Ç c i n f o . output he ight ) ;

e l s e
f p r i n t f ( s tde r r , ”ERR webcam format mismatch\n”) ;

j p e g f i n i s h d e c o m p r e s s (& c i n f o ) ;
jpeg des t roy decompres s (& c i n f o ) ;

505

v 4 l 2 i o c t l (webcam , VIDIOC QBUF, &buf ) ;
r e turn 1 ;

}

510 void d e i n i t i a l i z e w e b c a m ( i n t webcam) {
enum v4 l 2 bu f t ype type = V4L2 BUF TYPE VIDEO CAPTURE;
i f (−1 == v 4 l 2 i o c t l (webcam , VIDIOC STREAMOFF, &type ) ) {

f p r i n t f ( s tde r r , ” couldn ’ t stop video streaming \n”) ;
e x i t (1 ) ;

515 }
f o r ( i n t i = 0 ; i < 4 ; ++i ) {

v4l2 munmap ( webcam buffers [ i ] . s t a r t , webcam buffers [ i ] . l ength ) ;
}
v 4 l 2 c l o s e (webcam) ;

520 f r e e ( webcam buffer ) ;
}

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

525 }

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

}
530

void a t e x i t c b ( void ) {
j a c k c l i e n t c l o s e ( j c l i e n t ) ;

}

535 s t r u c t s t a t e {
LOP lop [ 1 4 ] ;
HIP hip [ 8 ] ;
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} ;
s t r u c t s t a t e s t a t e ;

540

i n t proce s scb ( j a c k n f r a m e s t nframes , void ∗ arg ) {
j a c k d e f a u l t a u d i o s a m p l e t ∗ in [ 2 ] ;
f o r ( i n t c = 0 ; c < 2 ; ++c ) {

in [ c ] = ( j a c k d e f a u l t a u d i o s a m p l e t ∗) j a c k p o r t g e t b u f f e r ( j i n [ c ] , ⤦
Ç nframes ) ;

545 }
f l o a t l o = 0 , md = 0 , h i = 0 ;
f l o a t l o f = 400 ;
f l o a t h i f = 1000 ;
f o r ( j a c k n f r a m e s t i = 0 ; i < nframes ; ++i ) {

550 f l o a t l o0 = lop(& s t a t e . lop [ 0 ] , lop(& s t a t e . lop [ 1 ] , in [ 0 ] [ i ] , l o f ) , l o f ) ;
f l o a t l o1 = lop(& s t a t e . lop [ 2 ] , lop(& s t a t e . lop [ 3 ] , in [ 1 ] [ i ] , l o f ) , l o f ) ;
f l o a t md0 = lop(& s t a t e . lop [ 4 ] , lop(& s t a t e . lop [ 5 ] , hip(& s t a t e . hip [ 0 ] , hip(&⤦

Ç s t a t e . hip [ 1 ] , in [ 0 ] [ i ] , l o f ) , l o f ) , h i f ) , h i f ) ;
f l o a t md1 = lop(& s t a t e . lop [ 6 ] , lop(& s t a t e . lop [ 7 ] , hip(& s t a t e . hip [ 2 ] , hip(&⤦

Ç s t a t e . hip [ 3 ] , in [ 1 ] [ i ] , l o f ) , l o f ) , h i f ) , h i f ) ;
f l o a t h i0 = hip(& s t a t e . hip [ 4 ] , hip(& s t a t e . hip [ 5 ] , in [ 0 ] [ i ] , h i f ) , h i f ) ;

555 f l o a t h i1 = hip(& s t a t e . hip [ 6 ] , hip(& s t a t e . hip [ 7 ] , in [ 1 ] [ i ] , h i f ) , h i f ) ;
l o = lop(& s t a t e . lop [ 8 ] , lop(& s t a t e . lop [ 9 ] , l o0 ∗ l o0 + lo1 ∗ lo1 , 8) , 8) ;
md = lop(& s t a t e . lop [ 1 0 ] , lop(& s t a t e . lop [ 1 1 ] , md0 ∗ md0 + md1 ∗ md1, 8) , 8) ;
h i = lop(& s t a t e . lop [ 1 2 ] , lop(& s t a t e . lop [ 1 3 ] , h i0 ∗ hi0 + hi1 ∗ hi1 , 8) , 8) ;

}
560 h u e s h i f t [ 0 ] = 1 + 16 ∗ s q r t f ( l o ) ;

h u e s h i f t [ 1 ] = 1 + 16 ∗ s q r t f (md) ;
h u e s h i f t [ 2 ] = 1 + 16 ∗ s q r t f ( h i ) ;
r e turn 0 ;

}
565

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

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

}
a t e x i t ( a t e x i t c b ) ;
j a c k s e t p r o c e s s c a l l b a c k ( j c l i e n t , processcb , 0) ;
jack on shutdown ( j c l i e n t , shutdowncb , 0) ;

575 // multi −channel p r o c e s s i n g
f o r ( i n t c = 0 ; c < 2 ; ++c ) {

char portname [ 1 0 0 ] ;
s n p r i n t f ( portname , 100 , ” input %d” , c + 1) ;
j i n [ c ] = j a c k p o r t r e g i s t e r ( j c l i e n t , portname , JACK DEFAULT AUDIO TYPE, ⤦

Ç JackPortIsInput , 0) ;
580 }

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

}
585 }

i n t main ( i n t argc , char ∗∗ argv ) {
const char ∗webcam dev = ”/dev/ video0 ” ;
i f ( argc > 1) {

590 webcam dev = argv [ 1 ] ;
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}
memset(&state , 0 , s i z e o f ( s t a t e ) ) ;
i n i t i a l i z e a u d i o ( ) ;
i n t t e x t b u f f e r w i d t h = 128 , t e x t b u f f e r h e i g h t = 64 ;

595 char ∗ t e x t b u f f e r = ( char ∗) mal loc ( t e x t b u f f e r w i d t h ∗ t e x t b u f f e r h e i g h t ) ;
i n t s c reen width = 1280 , s c r e e n h e i g h t = 720 ;
i n t webcam width = 0 , webcam height = 0 ;
i n t webcam = i n i t i a l i z e w e b c a m ( webcam dev , &webcam width , &webcam height ) ;
i f (webcam < 0) {

600 re turn 1 ;
}
GLFWwindow ∗window = c r e a t e c o n t e x t ( screen width , s c r e e n h e i g h t ) ;
i f ( ! window ) {

re turn 1 ;
605 }

glfwSetWindowPos ( window , 1366 , 0) ;
g l fwSetKeyCal lback ( window , k e y p r e s s h a n d l e r ) ;
i n i t i a l i z e g l ( screen width , s c r e en he i gh t , webcam width , webcam height , ⤦

Ç t e x t b u f f e r w i d t h , t e x t b u f f e r h e i g h t ) ;
i n t frame = 0 ;

610 whi le ( ! glfwWindowShouldClose ( window ) ) {
// read webcam
i f ( read webcam (webcam , webcam width , webcam height ) ) {

g lAct iveTexture (GL TEXTURE0) ;
glTexSubImage2D (GL TEXTURE 2D, 0 , 0 , 0 , webcam width , webcam height , ⤦

Ç GL RGB, GL UNSIGNED BYTE, webcam buffer ) ;
615 glGenerateMipmap (GL TEXTURE 2D) ;

}
// read g i t d i f f
FILE ∗ d i f f f i l e = popen (” g i t d i f f HEAD˜1” , ” r ”) ;
i f ( d i f f f i l e ) {

620 memset ( t e x t b u f f e r , ’ ’ , t e x t b u f f e r w i d t h ∗ t e x t b u f f e r h e i g h t ) ;
i n t text width = 0 ;
i n t t e x t h e i g h t = 0 ;
char ∗ l i n e = 0 ;
s i z e t l en = 0 ;

625 s s i z e t read ;
f o r ( i n t y = 1 ; y < t e x t b u f f e r h e i g h t − 1 ; ++y ) {

i f ( ( read = g e t l i n e (& l i n e , &len , d i f f f i l e ) ) == −1) {
break ;

}
630 f o r ( i n t x = 1 ; x < t e x t b u f f e r w i d t h − 1 && x < read ; ++x ) {

t e x t b u f f e r [ y ∗ t e x t b u f f e r w i d t h + x ] = l i n e [ x − 1 ] ;
t ext width = text width > x ? text width : x ;

}
t e x t h e i g h t = y ;

635 }
t ext width += 2 ;
t e x t h e i g h t += 2 ;
f r e e ( l i n e ) ;
p c l o s e ( d i f f f i l e ) ;

640 g lAct iveTexture (GL TEXTURE1) ;
glTexSubImage2D (GL TEXTURE 2D, 0 , 0 , 0 , t e x t b u f f e r w i d t h , ⤦

Ç t e x t b u f f e r h e i g h t , GL RED, GL UNSIGNED BYTE, t e x t b u f f e r ) ;
g lUni form2f ( u t e x t s i z e , text width , t e x t h e i g h t ) ;

}
// read hue s h i f t
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645 glUni form3fv ( u h u e s h i f t , 1 , h u e s h i f t ) ;
f l o a t theta = twopi ∗ frame / 600 ;
glm : : mat4 rot4 = glm : : r o t a t e ( glm : : mat4 ( 1 . 0 ) , theta , glm : : vec3 ( 1 . 0 f , 1 . 0 f , 1 . 0 f⤦

Ç ) ) ;
glm : : mat4 unrot4 = glm : : r o t a t e ( glm : : mat4 ( 1 . 0 ) , −theta , glm : : vec3 ( 1 . 0 f , 1 . 0 f⤦

Ç , 1 . 0 f ) ) ;
glm : : mat3 ro t ( rot4 ) ;

650 glm : : mat3 unrot ( unrot4 ) ;
g lUni formMatrix3fv ( u hue rotate , 1 , GL FALSE, &rot [ 0 ] [ 0 ] ) ;
g lUni formMatrix3fv ( u hue unrotate , 1 , GL FALSE, &unrot [ 0 ] [ 0 ] ) ;
g lUni form1f ( u f l y s i z e , 24 ∗ pow ( 0 . 5 , 0 . 5 + 0 .5 ∗ cos ( twopi ∗ frame / 2500) )⤦

Ç ) ;
// draw

655 glDrawArrays (GL TRIANGLE STRIP, 0 , 4) ;
g l fwSwapBuffers ( window ) ;
g l fwPo l lEvents ( ) ;
frame++;

}
660 glfwTerminate ( ) ;

d e i n i t i a l i z e w e b c a m (webcam) ;
f r e e ( t e x t b u f f e r ) ;
r e turn 0 ;

}

38 .gitignore

c l i e n t / c l i v e − c l i e n t
s e r v e r / c l i v e − s e r v e r
ext ra / v i s u a l s
∗ . so

5 ∗ . wav
∗ . ogg
∗ .mp3
∗ .pgm
∗ . html

10 ∗ . tx t
∗ . s
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### GNU GENERAL PUBLIC LICENSE

Vers ion 3 , 29 June 2007

5 Copyright (C) 2007 Free Software Foundation , Inc .
<https : // f s f . org/>

Everyone i s permitted to copy and d i s t r i b u t e verbatim c o p 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 .

10

### Preamble

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

15

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

20 f r e e so f tware f o r a l l i t s u s e r s . We, the Free Software Foundation , use
the GNU General Publ ic L i cense f o r most o f our so f tware ; i t a p p l i e s
a l s o to any other work r e l e a s e d t h i s way by i t s authors . You can apply
i t to your programs , too .

25 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 c o p i e s o f f r e e so f tware ( and charge f o r
them i f you wish ) , that you r e c e i v e source code or can get i t i f you
want i t , that you can change the so f tware or use p i e c e s o f i t in new

30 f r e e programs , and that you know you can do these th ing s .

To pro t e c t your r i gh t s , we need to prevent o the r s from denying you
these r i g h t s or ask ing you to sur render the r i g h t s . Therefore , you
have c e r t a i n r e s p o n s i b i l i t i e s i f you d i s t r i b u t e c o p i e s o f the

35 so f tware , or i f you modify i t : r e s p o n s i b i l i t i e s to r e s p e c t the freedom
of o the r s .

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

40 freedoms that you r e c e i v e d . 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 t h e i r r i g h t s .

Deve lopers that use the GNU GPL pro t e c t your r i g h t s with two s t ep s :
45 (1 ) a s s e r t copyr ight on the software , and (2 ) o f f e r you t h i s L i cense

g i v i ng you l e g a l permis s ion to copy , d i s t r i b u t e and/ or modify i t .

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

50 authors ’ sake , the GPL r e q u i r e s that modi f i ed v e r s i o n s be marked as
changed , so that t h e i r problems w i l l not be a t t r i b u t e d e r roneous ly to
authors o f prev ious v e r s i o n s .

Some de v i c e s are des igned to deny us e r s a c c e s s to i n s t a l l or run
55 modi f i ed v e r s i o n s o f the so f tware i n s i d e them , although the

manufacturer can do so . This i s fundamental ly incompat ib l e with the
aim o f p r o t e c t i n g users ’ freedom to change the so f tware . The
sys temat i c pattern o f such abuse occurs in the area o f products f o r
i n d i v i d u a l s to use , which i s p r e c i s e l y where i t i s most unacceptable .

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

65

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

70 could make i t e f f e c t i v e l y p r o p r i e t a r y . To prevent th i s , the GPL
a s s u r e s that patents cannot be used to render the program non− f r e e .

The p r e c i s e terms and c o n d i t i o n 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 o w .
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75

### TERMS AND CONDITIONS

#### 0 . D e f i n i t i o n s .

80 ” This L i cense ” r e f e r s to ve r s i on 3 o f the GNU General Publ ic L i cense .

” Copyright ” a l s o means copyr ight − l i k e laws that apply to other k inds
o f works , such as semiconductor masks .

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

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

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

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

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

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

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

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

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

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

115 the i n t e r f a c e p r e s en t s a l i s t o f user commands or opt ions , such as a
menu , a prominent item in the l i s t meets t h i s c r i t e r i o n .

#### 1 . Source Code .

120 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 m o d i f i c a t i o n s to i t . ” Object code ” means any non− source form o f
a work .

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

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

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

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

135 ”Major Component ” , in t h i s context , means a major e s s e n t i a l component
( kerne l , window system , and so on ) o f the s p e c i f i c opera t ing system
( i f any ) on which the executab l e work runs , or a compi le r used to
produce the work , or an ob j e c t code i n t e r p r e t e r used to run i t .

140 The ” Corresponding Source ” f o r a work in ob j e c t code form means a l l
the source code needed to generate , i n s t a l l , and ( f o r an executab l e
work ) run the ob j e c t code and to modify the work , i n c l u d i n g s c r i p t s to
c o n t r o l those a c t i v i t i e s . However , i t does not in c lude the work ’ s
System L i b r a r i e s , or genera l −purpose t o o l s or g e n e r a l l y a v a i l a b l e f r e e

145 programs which are used unmodif ied in per forming those a c t i v i t i e s but
which are not part o f the work . For example , Corresponding Source
i n c l u d e s i n t e r f a c e d e f i n i t i o n f i l e s a s s o c i a t e d with source f i l e s f o r
the work , and the source code f o r shared l i b r a r i e s and dynamical ly
l i nked subprograms that the work i s s p e c i f i c a l l y des igned to requ i r e ,

150 such as by int imate data communication or c o n t r o l f low between those
subprograms and other par t s o f the work .

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

155

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

#### 2 . Basic Permiss ions .
160

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

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

You may make , run and propagate covered works that you do not convey ,
170 without c o n d i t i o n s so long as your l i c e n s e otherw i se remains in f o r c e .

You may convey covered works to o the r s f o r the s o l e purpose o f having
them make m o d i f i c a t i o n s e x c l u s i v e l y f o r you , or prov ide you with
f a c i l i t i e s f o r running those works , provided that you comply with the
terms o f t h i s L i cense in conveying a l l mate r i a l f o r which you do not

175 c o n t r o l copyr ight . Those thus making or running the covered works f o r
you must do so e x c l u s i v e l y on your beha l f , under your d i r e c t i o n and
cont ro l , on terms that p r o h i b i t them from making any c o p i e s o f your
copyr ighted mate r i a l ou t s id e t h e i r r e l a t i o n s h i p with you .

180 Conveying under any other c i r cumstances i s permitted s o l e l y under the
c o n d i t i o n s s ta t ed below . Su b l i c e n s i ng i s not a l lowed ; s e c t i o n 10 makes
i t unnecessary .

#### 3 . Protec t ing Users ’ Legal Rights From Anti−Circumvention Law .
185

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

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

195 r e s p e c t to the covered work , and you d i s c l a im any i n t e n t i o n to l i m i t
opera t i on or mod i f i c a t i on o f the work as a means o f en fo rc ing , aga in s t
the work ’ s users , your or th i r d pa r t i e s ’ l e g a l r i g h t s to f o r b i d
c i rcumvent ion o f t e c h n o l o g i c a l measures .

200 #### 4 . Conveying Verbatim Copies .

You may convey verbatim c o p i e s o f the Program ’ s source code as you
r e c e i v e i t , in any medium , provided that you consp i cuous ly and
approp r i a t e l y pub l i sh on each copy an appropr ia t e copyr ight n o t i c e ;

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

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

#### 5 . Conveying Modif ied Source Vers ions .

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

220 − a ) The work must car ry prominent n o t i c e s s t a t i n g that you modi f i ed
i t , and g iv ing a r e l e v a n t date .

− b) The work must car ry prominent n o t i c e s s t a t i n g that i t i s
r e l e a s e d under t h i s L i cense and any c o n d i t i o n s added under
s e c t i o n 7 . This requirement mod i f i e s the requirement in s e c t i o n 4

225 to ”keep i n t a c t a l l n o t i c e s ” .
− c ) You must l i c e n s e the e n t i r e work , as a whole , under t h i s

L i cense to anyone who comes in to p o s s e s s i o n o f a copy . This
L i cense w i l l t h e r e f o r e apply , a long with any a p p l i c a b l e s e c t i o n 7
a d d i t i o n a l terms , to the whole o f the work , and a l l i t s parts ,

230 r e g a r d l e s s o f how they are packaged . This L i cense g i v e s no
permis s ion to l i c e n s e the work in any other way , but i t does not
i n v a l i d a t e such permis s ion i f you have s e p a r a t e l y r e c e i v e d i t .

− d) I f the work has i n t e r a c t i v e user i n t e r f a c e s , each must d i s p l ay
Appropriate Legal Not i ce s ; however , i f the Program has i n t e r a c t i v e

235 i n t e r f a c e s that do not d i s p l a y Appropriate Legal Not ices , your
work need not make them do so .

A compi la t ion o f a covered work with other s epara t e and independent
works , which are not by t h e i r nature ex t en s i on s o f the covered work ,

240 and which are not combined with i t such as to form a l a r g e r program ,
in or on a volume o f a s to rage or d i s t r i b u t i o n medium , i s c a l l e d an
” aggregate ” i f the compi la t ion and i t s r e s u l t i n g copyr ight are not
used to l i m i t the a c c e s s or l e g a l r i g h t s o f the compi lat ion ’ s u s e r s
beyond what the i n d i v i d u a l works permit . I n c l u s i o n o f a covered work

245 in an aggregate does not cause t h i s L i cense to apply to the other
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par t s o f the aggregate .

#### 6 . Conveying Non−Source Forms .

250 You may convey a covered work in ob j e c t code form under the terms o f
s e c t i o n s 4 and 5 , provided that you a l s o convey the machine− r eadab le
Corresponding Source under the terms o f t h i s License , in one o f the se
ways :

255 − a ) Convey the ob j e c t code in , or embodied in , a p h y s i c a l product
( i n c l u d i n g a p h y s i c a l d i s t r i b u t i o n medium) , accompanied by the
Corresponding Source f i x e d on a durable p h y s i c a l medium
customar i ly used f o r so f tware in te rchange .

− b) Convey the ob j e c t code in , or embodied in , a p h y s i c a l product
260 ( i n c l u d i n g a p h y s i c a l d i s t r i b u t i o n medium) , accompanied by a

wr i t t en o f f e r , v a l i d f o r at l e a s t three years and v a l i d f o r as
long as you o f f e r spare par t s or customer support f o r that product
model , to g ive anyone who p o s s e s s e s the ob j e c t code e i t h e r (1 ) a
copy o f the Corresponding Source f o r a l l the so f tware in the

265 product that i s covered by t h i s License , on a durable p h y s i c a l
medium customar i ly used f o r so f tware interchange , f o r a p r i c e no
more than your rea sonab l e co s t o f p h y s i c a l l y per forming t h i s
conveying o f source , or (2 ) a c c e s s to copy the Corresponding
Source from a network s e r v e r at no charge .

270 − c ) Convey i n d i v i d u a l c o p i e s o f the ob j e c t code with a copy o f the
wr i t t en o f f e r to prov ide the Corresponding Source . This
a l t e r n a t i v e i s a l lowed only o c c a s i o n a l l y and noncommercial ly , and
only i f you r e c e i v e d the ob j e c t code with such an o f f e r , in accord
with subs e c t i on 6b .

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

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

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

− e ) Convey the ob j e c t code us ing peer −to−peer t ransmis s ion ,
provided you inform other pee r s where the ob j e c t code and
Corresponding Source o f the work are being o f f e r e d to the gene ra l

290 pub l i c at no charge under subse c t i on 6d .

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

295

A ”User Product” i s e i t h e r (1 ) a ”consumer product ” , which means any
t a n g i b l e pe r sona l property which i s normally used f o r persona l ,
fami ly , or household purposes , or (2 ) anything des igned or so ld f o r
i n c o r p o r a t i o n in to a dwe l l i ng . In determining whether a product i s a

300 consumer product , doubt fu l c a s e s s h a l l be r e s o l v e d in favor o f
coverage . For a p a r t i c u l a r product r e c e i v e d by a p a r t i c u l a r user ,
” normally used ” r e f e r s to a t y p i c a l or common use o f that c l a s s o f

108



clive-core GPL3.md

product , r e g a r d l e s s o f the s t a t u s o f the p a r t i c u l a r user or o f the way
in which the p a r t i c u l a r user a c t u a l l y uses , or expect s or i s expected

305 to use , the product . A product i s a consumer product r e g a r d l e s s o f
whether the product has s u b s t a n t i a l commercial , i n d u s t r i a l or
non−consumer uses , u n l e s s such uses r e p r e s e n t the only s i g n i f i c a n t
mode o f use o f the product .

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

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

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

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

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

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

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

335 or v i o l a t e s the r u l e s and p r o t o c o l s f o r communication a c r o s s the
network .

Corresponding Source conveyed , and I n s t a l l a t i o n In format ion provided ,
in accord with t h i s s e c t i o n must be in a format that i s p u b l i c l y

340 documented ( and with an implementation a v a i l a b l e to the pub l i c in
source code form ) , and must r e q u i r e no s p e c i a l password or key f o r
unpacking , read ing or copying .

#### 7 . Addi t iona l Terms .
345

” Addi t iona l pe rmi s s i ons ” are terms that supplement the terms o f t h i s
L i cense by making except i ons from one or more o f i t s c o n d i t i o n s .
Addi t iona l pe rmi s s i ons that are a p p l i c a b l e to the e n t i r e Program s h a l l
be t r ea t ed as though they were inc luded in t h i s License , to the extent

350 that they are v a l i d under a p p l i c a b l e law . I f a d d i t i o n a l pe rmi s s i ons
apply only to part o f the Program , that part may be used s e p a r a t e l y
under those permiss ions , but the e n t i r e Program remains governed by
t h i s L i cense without regard to the a d d i t i o n a l pe rmi s s i ons .

355 When you convey a copy o f a covered work , you may at your opt ion
remove any a d d i t i o n a l pe rmi s s i ons from that copy , or from any part o f
i t . ( Addi t iona l pe rmi s s i ons may be wr i t t en to r e q u i r e t h e i r own
removal in c e r t a i n ca s e s when you modify the work . ) You may p lace
a d d i t i o n a l pe rmi s s i ons on mater ia l , added by you to a covered work ,
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360 f o r which you have or can g ive appropr ia t e copyr ight permis s ion .

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

365

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

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

370 Not ice s d i sp l ayed by works conta in ing i t ; or
− c ) Proh ib i t i ng mi s r ep r e s en ta t i on o f the o r i g i n o f that mater ia l ,

or r e q u i r i n g that modi f i ed v e r s i o n s o f such mate r i a l be marked in
rea sonab l e ways as d i f f e r e n t from the o r i g i n a l v e r s i o n ; or

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

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

− f ) Requir ing i n d e m n i f i c a t i o n o f l i c e n s o r s and authors o f that
mate r i a l by anyone who conveys the mate r i a l ( or modi f i ed v e r s i o n s

380 o f i t ) with con t ra c tua l assumptions o f l i a b i l i t y to the r e c i p i e n t ,
f o r any l i a b i l i t y that these con t ra c tua l assumptions d i r e c t l y
impose on those l i c e n s o r s and authors .

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

r e c e i v e d i t , or any part o f i t , conta in s a n o t i c e s t a t i n g that i t i s
governed by t h i s L i cense along with a term that i s a f u r t h e r
r e s t r i c t i o n , you may remove that term . I f a l i c e n s e document conta in s
a f u r t h e r r e s t r i c t i o n but permits r e l i c e n s i n g or conveying under t h i s

390 License , you may add to a covered work mate r i a l governed by the terms
o f that l i c e n s e document , provided that the f u r t h e r r e s t r i c t i o n does
not su rv iv e such r e l i c e n s i n g or conveying .

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

a d d i t i o n a l terms that apply to those f i l e s , or a n o t i c e i n d i c a t i n g
where to f i n d the a p p l i c a b l e terms .

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

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

#### 8 . Termination .

405 You may not propagate or modify a covered work except as e x p r e s s l y
provided under t h i s L i cense . Any attempt otherw i s e to propagate or
modify i t i s void , and w i l l automat i ca l l y terminate your r i g h t s under
t h i s L i cense ( i n c l u d i n g any patent l i c e n s e s granted under the t h i r d
paragraph o f s e c t i o n 11) .

410

However , i f you cease a l l v i o l a t i o n o f t h i s License , then your l i c e n s e
from a p a r t i c u l a r copyr ight ho lder i s r e i n s t a t e d ( a ) p r o v i s i o n a l l y ,
u n l e s s and u n t i l the copyr ight ho lder e x p l i c i t l y and f i n a l l y
te rminates your l i c e n s e , and (b) permanently , i f the copyr ight ho lder

415 f a i l s to n o t i f y you o f the v i o l a t i o n by some reasonab l e means p r i o r to
60 days a f t e r the c e s s a t i o n .
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Moreover , your l i c e n s e from a p a r t i c u l a r copyr ight ho lder i s
r e i n s t a t e d permanently i f the copyr ight ho lder n o t i f i e s you o f the

420 v i o l a t i o n by some reasonab l e means , t h i s i s the f i r s t time you have
r e c e i v e d n o t i c e o f v i o l a t i o n o f t h i s L i cense ( f o r any work ) from that
copyr ight holder , and you cure the v i o l a t i o n p r i o r to 30 days a f t e r
your r e c e i p t o f the n o t i c e .

425 Termination o f your r i g h t s under t h i s s e c t i o n does not terminate the
l i c e n s e s o f p a r t i e s who have r e c e i v e d c o p i e s or r i g h t s from you under
t h i s L i cense . I f your r i g h t s have been terminated and not permanently
r e i n s t a t ed , you do not q u a l i f y to r e c e i v e new l i c e n s e s f o r the same
mate r i a l under s e c t i o n 10 .

430

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

You are not r equ i r ed to accept t h i s L i cense in order to r e c e i v e or run
a copy o f the Program . A n c i l l a r y propagat ion o f a covered work

435 occur r ing s o l e l y as a consequence o f us ing peer −to−peer t ransmi s s i on
to r e c e i v e a copy l i k e w i s e does not r e q u i r e acceptance . However ,
nothing other than t h i s L i cense grants you permis s ion to propagate or
modify any covered work . These a c t i o n s i n f r i n g e copyr ight i f you do
not accept t h i s L i cense . Therefore , by modifying or propagat ing a

440 covered work , you i n d i c a t e your acceptance o f t h i s L i cense to do so .

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

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

propagate that work , s u b j e c t to t h i s L i cense . You are not r e s p o n s i b l e
f o r e n f o r c i n g compliance by t h i r d p a r t i e s with t h i s L i cense .

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

organ i za t i on , or merging o r g a n i z a t i o n s . I f propagat ion o f a covered
work r e s u l t s from an e n t i t y t ransac t i on , each party to that
t r a n s a c t i o n who r e c e i v e s a copy o f the work a l s o r e c e i v e s whatever
l i c e n s e s to the work the party ’ s p r edec e s s o r in i n t e r e s t had or could

455 g ive under the prev ious paragraph , p lus a r i g h t to p o s s e s s i o n o f the
Corresponding Source o f the work from the pr edec e s so r in i n t e r e s t , i f
the p r edec e s s o r has i t or can get i t with rea sonab l e e f f o r t s .

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

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

465 sa l e , or import ing the Program or any por t i on o f i t .

#### 11 . Patents .

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

work thus l i c e n s e d i s c a l l e d the contr ibutor ’ s ” con t r i bu to r v e r s i on ” .

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

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

480 patent s u b l i c e n s e s in a manner c o n s i s t e n t with the requi rements o f
t h i s L i cense .

Each con t r i bu to r grants you a non− exc lu s i v e , worldwide , roya l ty − f r e e
patent l i c e n s e under the cont r ibutor ’ s e s s e n t i a l patent c la ims , to

485 make , use , s e l l , o f f e r f o r sa l e , import and otherw i s e run , modify and
propagate the contents o f i t s c on t r i bu to r ve r s i on .

In the f o l l o w i n g three paragraphs , a ” patent l i c e n s e ” i s any expre s s
agreement or commitment , however denominated , not to e n f o r c e a patent

490 ( such as an expre s s permis s ion to p r a c t i c e a patent or covenant not to
sue f o r patent in f r ingement ) . To ” grant ” such a patent l i c e n s e to a
party means to make such an agreement or commitment not to e n f o r c e a
patent aga in s t the party .

495 I f you convey a covered work , knowingly r e l y i n g on a patent l i c e n s e ,
and the Corresponding Source o f the work i s not a v a i l a b l e f o r anyone
to copy , f r e e o f charge and under the terms o f t h i s License , through a
p u b l i c l y a v a i l a b l e network s e r v e r or other r e a d i l y a c c e s s i b l e means ,
then you must e i t h e r (1 ) cause the Corresponding Source to be so

500 a v a i l a b l e , or (2 ) arrange to depr ive y o u r s e l f o f the b e n e f i t o f the
patent l i c e n s e f o r t h i s p a r t i c u l a r work , or (3 ) arrange , in a manner
c o n s i s t e n t with the requi rements o f t h i s License , to extend the patent
l i c e n s e to downstream r e c i p i e n t s . ”Knowingly r e l y i n g ” means you have
ac tua l knowledge that , but f o r the patent l i c e n s e , your conveying the

505 covered work in a country , or your r e c i p i e n t ’ s use o f the covered work
in a country , would i n f r i n g e one or more i d e n t i f i a b l e patents in that
country that you have reason to b e l i e v e are v a l i d .

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

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

515 work and works based on i t .

A patent l i c e n s e i s ” d i s c r i m i n a t o r y ” i f i t does not in c lude with in the
scope o f i t s coverage , p r o h i b i t s the e x e r c i s e of , or i s cond i t i oned on
the non− e x e r c i s e o f one or more o f the r i g h t s that are s p e c i f i c a l l y

520 granted under t h i s L i cense . You may not convey a covered work i f you
are a party to an arrangement with a th i rd party that i s in the
bus in e s s o f d i s t r i b u t i n g software , under which you make payment to the
th i rd party based on the extent o f your a c t i v i t y o f conveying the
work , and under which the th i rd party grants , to any o f the p a r t i e s

525 who would r e c e i v e the covered work from you , a d i s c r i m i n a t o r y patent
l i c e n s e ( a ) in connect ion with c o p i e s o f the covered work conveyed by
you ( or c o p i e s made from those c o p i e s ) , or (b) p r imar i l y f o r and in
connect ion with s p e c i f i c products or compi l a t i ons that conta in the
covered work , u n l e s s you entered in to that arrangement , or that patent

530 l i c e n s e was granted , p r i o r to 28 March 2007 .
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Nothing in t h i s L i cense s h a l l be construed as exc lud ing or l i m i t i n g
any impl i ed l i c e n s e or other d e f e n s e s to in f r ingement that may
otherwi s e be a v a i l a b l e to you under a p p l i c a b l e patent law .

535

#### 12 . No Surrender o f Others ’ Freedom .

I f c o n d i t i o n s are imposed on you ( whether by court order , agreement or
otherwi s e ) that c o n t r a d i c t the c o n d i t i o n s o f t h i s License , they do not

540 excuse you from the c o n d i t i o n s o f t h i s L i cense . I f you cannot convey a
covered work so as to s a t i s f y s imul taneous ly your o b l i g a t i o n s under
t h i s L i cense and any other p e r t i n e n t o b l i g a t i o n s , then as a
consequence you may not convey i t at a l l . For example , i f you agree to
terms that o b l i g a t e you to c o l l e c t a roya l ty f o r f u r t h e r conveying

545 from those to whom you convey the Program , the only way you could
s a t i s f y both those terms and t h i s L i cense would be to r e f r a i n e n t i r e l y
from conveying the Program .

#### 13 . Use with the GNU Af f e ro General Publ ic L i cense .
550

Notwithstanding any other p r o v i s i o n o f t h i s License , you have
permis s ion to l i n k or combine any covered work with a work l i c e n s e d
under ve r s i on 3 o f the GNU Af f e ro General Publ ic L i cense in to a s i n g l e
combined work , and to convey the r e s u l t i n g work . The terms o f t h i s

555 License w i l l cont inue to apply to the part which i s the covered work ,
but the s p e c i a l requ i rements o f the GNU Af fe ro General Publ ic License ,
s e c t i o n 13 , concern ing i n t e r a c t i o n through a network w i l l apply to the
combination as such .

560 #### 14 . Revised Vers ions o f t h i s L i cense .

The Free Software Foundation may pub l i sh r e v i s e d and/ or new v e r s i o n s
o f the GNU General Publ ic L i cense from time to time . Such new v e r s i o n s
w i l l be s i m i l a r in s p i r i t to the pre sent vers ion , but may d i f f e r in

565 d e t a i l to 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 that a c e r t a i n numbered ve r s i on o f the GNU General Publ ic
L i cense ” or any l a t e r v e r s i o n ” a p p l i e s to i t , you have the opt ion o f

570 f o l l o w i n g the terms and c o n d i t i o n s e i t h e r o f that numbered ve r s i on or
o f any l a t e r v e r s i on publ i shed by the Free Software Foundation . I f the
Program does not s p e c i f y a ve r s i on number o f the GNU General Publ ic
License , you may choose any ve r s i on ever pub l i shed by the Free
Software Foundation .

575

I f the Program s p e c i f i e s that a proxy can dec ide which fu tu r e v e r s i o n s
o f the GNU General Publ ic L i cense can be used , that proxy ’ s pub l i c
statement o f acceptance o f a ve r s i on permanently a u t h o r i z e s you to
choose that v e r s i o n f o r the Program .

580

Later l i c e n s e v e r s i o n s may g ive you a d d i t i o n a l or d i f f e r e n t
pe rmi s s i ons . However , no a d d i t i o n a l o b l i g a t i o n s are imposed on any
author or copyr ight ho lder as a r e s u l t o f your choos ing to f o l l o w a
l a t e r v e r s i o n .

585

#### 15 . Di sc la imer o f Warranty .
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THERE IS NO WARRANTY FOR THE PROGRAM, TO THE EXTENT PERMITTED BY
APPLICABLE LAW. EXCEPT WHEN OTHERWISE STATED IN WRITING THE COPYRIGHT

590 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 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

595 DEFECTIVE, YOU ASSUME THE COST OF ALL NECESSARY SERVICING, REPAIR OR
CORRECTION.

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

600 IN NO EVENT UNLESS REQUIRED BY APPLICABLE LAW OR AGREED TO IN WRITING
WILL ANY COPYRIGHT HOLDER, OR ANY OTHER PARTY WHO MODIFIES AND/OR
CONVEYS THE PROGRAM AS PERMITTED ABOVE, BE LIABLE TO YOU FOR DAMAGES,
INCLUDING ANY GENERAL, SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES
ARISING OUT OF THE USE OR INABILITY TO USE THE PROGRAM (INCLUDING BUT

605 NOT LIMITED TO LOSS OF DATA OR DATA BEING RENDERED INACCURATE OR
LOSSES SUSTAINED BY YOU OR THIRD PARTIES OR A FAILURE OF THE PROGRAM
TO OPERATE WITH ANY OTHER PROGRAMS) , EVEN IF SUCH HOLDER OR OTHER
PARTY HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

610 #### 17 . I n t e r p r e t a t i o n o f Se c t i on s 15 and 16 .

I f the d i s c l a i m e r o f warranty and l i m i t a t i o n o f l i a b i l i t y provided
above cannot be g iven l o c a l l e g a l e f f e c t accord ing to t h e i r terms ,
r ev i ewing cour t s s h a l l apply l o c a l law that most c l o s e l y approximates

615 an abso lu t e waiver o f a l l c i v i l l i a b i l i t y in connect ion with the
Program , u n l e s s a warranty or assumption o f l i a b i l i t y accompanies a
copy o f the Program in return f o r a f e e .

END OF TERMS AND CONDITIONS
620

### 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
p o s s i b l e use to the publ ic , the bes t way to ach ieve t h i s i s to make i t

625 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 o w i n g n o 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 s t a t e

630 the e x c l u s i o n 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 n o 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>

635

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

640

This program i s d i s t r i b u t e d in the hope that i t w i l l be use fu l ,
but WITHOUT ANY WARRANTY; without even the impl i ed warranty o f
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the
GNU General Publ ic L i cense f o r more d e t a i l s .
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645

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

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

I f the program does te rmina l i n t e r a c t i o n , make i t output a shor t
n o t i c e l i k e t h i s when i t s t a r t s in an i n t e r a c t i v e mode :

655 <program> Copyright (C) <year> <name o f author>
This program comes with ABSOLUTELY NO WARRANTY; f o r d e t a i l s type ‘ show w⤦

Ç ’ .
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 c o n d i t i o n s ; type ‘ show c ’ f o r d e t a i l s .

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

665 You should a l s o get your employer ( i f you work as a programmer ) or
school , i f any , to s i gn a ” copyr ight d i s c l a i m e r ” f o r the program , i f
nece s sa ry . For more in fo rmat ion on th i s , and how to apply and f o l l o w
the GNU GPL, see <https : //www. gnu . org / l i c e n s e s />.

670 The GNU General Publ ic L i cense does not permit i n c o r p o r a t i n g your
program in to p r o p r i e t a r y programs . I f your program i s a subrout ine
l i b r a r y , 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 r o p r i e t a r y
a p p l i c a t i o n s with the l i b r a r y . I f t h i s i s what you want to do , use the
GNU Lesse r General Publ ic L i cense in s t ead o f t h i s L i cense . But f i r s t ,

675 p l e a s e read <https : //www. gnu . org / l i c e n s e s /why−not− l g p l . html>.

40 launch/local-native-sse.sh

#!/ bin /bash
f o r c in $ ( cat / proc / cpu in fo | grep ”ˆ p roc e s s o r ” | sed ” s / p r o c e s s o r \ t : //”)
do

sudo cpufreq − s e t −c ”${c}” −g performance
5 done

make −C c l i e n t
make −C s e r v e r
mkdir −p bu i ld
SESSION=”se s s i on −$ ( date −u +%F−%H%M%S) ”

10 g i t checkout −b ”${SESSION}”
(
ecasound −q −G: jack , record − f : f32 ,2 ,48000 − i : j ack −o ”${SESSION} . wav” &
s l e e p 5
xterm −geometry 80x10+0+0 −T s e r v e r −e bash −c ’ cd s e r v e r ; whi l e t rue ; do . /⤦

Ç c l i v e − s e r v e r ; done ’ &
15 xterm −geometry 80x30+0+154 −T c l i e n t −e bash −c ’ cd c l i e n t ; whi l e t rue ; do . /⤦

Ç c l i v e − c l i e n t nat ive − s s e .mk ; done ’ &
xterm −geometry 80x8+0+588 −T htop −e bash −c ’ whi l e t rue ; do htop ; done ’ &
{ cd c l i e n t ; whi l e t rue ; do geany −mist dsp . h dsp /∗ . h go . c ; done } &
wait
)
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41 launch/remote-bela.sh

#!/ bin /bash
REMOTEHOST=”${1:− root@192 . 1 6 8 . 6 . 2 } ”
REMOTEPATH=”${2:−Bela / p r o j e c t s / c l i v e −core }”
#ssh −add

5 f o r c in $ ( cat / proc / cpu in fo | grep ”ˆ p roc e s s o r ” | sed ” s / p r o c e s s o r \ t : //”)
do

sudo cpufreq − s e t −c ”${c}” −g performance
done
make −C c l i e n t

10 mkdir −p bu i ld
rm − f bu i ld /go ∗ . so
s s h f s ”${REMOTEHOST} : ${REMOTEPATH}/ bu i ld ” . / bu i ld
SESSION=”se s s i on −$ ( date −u +%F−%H%M%S) ”
g i t checkout −b ”${SESSION}”

15 (
#ssh ”${REMOTEHOST}” ” ecasound −q −G: jack , record , send − f : f32 ,2 ,48000 − i : j ack −o ⤦

Ç ’ ${REMOTEPATH}/${SESSION} . wav ’ ” &
s l e e p 5
xterm −geometry 80x10+0+0 −T s e r v e r −e ssh ”${REMOTEHOST}” ”${REMOTEPATH}/⤦

Ç s e r v e r / c l i v e − s e r v e r . sh” &
xterm −geometry 80x30+0+154 −T c l i e n t −e bash −c ’ cd c l i e n t ; whi l e t rue ; do . /⤦

Ç c l i v e − c l i e n t be la .mk ; s l e e p 1 ; done ’ &
20 xterm −geometry 80x8+0+588 −T htop −e bash −c ’ whi l e t rue ; do htop ; s l e e p 1⤦

Ç ; done ’ &
{ cd c l i e n t ; whi l e t rue ; do geany −mist dsp . h dsp /∗ . h go . h go . c ; done } &
wait
)
ssh −add −d

42 launch/remote-rpi3b.sh

#!/ bin /bash
REMOTEHOST=”${1:− pi@raspberryp i . home}”
REMOTEPATH=”${2:− code / code . mathr . co . uk/ c l i v e −core }”
ssh −add

5 f o r c in $ ( cat / proc / cpu in fo | grep ”ˆ p roc e s s o r ” | sed ” s / p ro c e s s o r \ t : //”)
do

sudo cpufreq − s e t −c ”${c}” −g performance
done
make −C c l i e n t

10 mkdir −p bu i ld
rm − f bu i ld /go ∗ . so
s s h f s ”${REMOTEHOST} : ${REMOTEPATH}/ bu i ld ” . / bu i ld
SESSION=”se s s i on −$ ( date −u +%F−%H%M%S) ”
g i t checkout −b ”${SESSION}”

15 (
ssh ”${REMOTEHOST}” ” ecasound −q −G: jack , record , send − f : f32 ,2 ,48000 − i : j ack −o ’⤦

Ç ${REMOTEPATH}/${SESSION} . wav ’ ” &
s l e e p 5
xterm −geometry 80x10+0+0 −T s e r v e r −e ssh ”${REMOTEHOST}” ”${REMOTEPATH}/⤦

Ç s e r v e r / c l i v e − s e r v e r . sh” &
xterm −geometry 80x30+0+154 −T c l i e n t −e bash −c ’ cd c l i e n t ; whi l e t rue ; do . /⤦

Ç c l i v e − c l i e n t rpi3b −64.mk ; s l e e p 1 ; done ’ &
20 xterm −geometry 80x8+0+588 −T htop −e bash −c ’ whi l e t rue ; do htop ; s l e e p 1⤦

Ç ; done ’ &
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{ cd c l i e n t ; whi l e t rue ; do geany −mist dsp . h dsp /∗ . h go . c ; done } &
wait
)
ssh −add −d

43 LICENSE.md

# c l i v e l i c e n s i n g

− c l i v e core code i s under dual BSD3 and GPL3 l i c e n s e ( master branch )
− c l i v e documentation i s under CC−BY−SA l i c e n s e ( master branch )

5 − Claude ’ s c l i v e per formances are under GPL3 l i c e n s e ( other branches )

44 README.md

# c l i v e

C audio l i v e −coding s k e l e t o n
<https : // mathr . co . uk/ c l i v e >.

5

## audio api support

− j ack ( recommended , de fau l t , with s c r i p t s f o r r e co rd ing )
− be la ( f o r the s i n g l e board computer )

10 − sd l 2 ( playback only , works with pu l seaud io )

## deps

− l i nux (POSIX f o r ‘− l d l ‘ , Linux f o r ‘ i n o t i f y ‘ )
15

### s e r v e r

− make
− gcc

20 − g i t
− jack −dev
− l i b s d l 2 −dev
− pkg− c o n f i g
− ecasound

25

### c l i e n t

− make
− gcc

30 − g i t
− geany
− htop
− xterm

35 ## usage

Editor save −> c l i e n t r ecompi l e s code −> s e r v e r r e l o a d s binary .

Automatic r e co rd ing o f code e d i t s to g i t h i s t o r y .
40

Automatic r e co rd ing o f audio output to WAV f i l e .
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### l o c a l

45 Run ed i to r , c l i e n t , s e r v e r a l l on one machine . Assumes x86 ( 64 ) with SSE :

g i t c l one https : // code . mathr . co . uk/ c l i v e −core . g i t
cd c l i v e −core
. / launch / l o c a l −nat ive − s s e . sh

50

### remote

Run e d i t o r and c l i e n t on l o c a l machine , s e r v e r on a remote machine .

55 #### r p i

Assumes Raspberry Pi Model 3 B remote running Debian Buster aarch64 ( arm64 )
from u n o f f i c i a l unsupported image at <https : // wik i . debian . org / RaspberryPi3 >.

60 Cl i en t machine needs ‘ gcc −8−aarch64− l inux −gnu ‘ i n s t a l l e d .

C l i en t user needs an ssh key .

Server machine needs ‘ ˜ / . ssh / author i zed keys ‘ f o r the c l i e n t user .
65

Server machine needs working JACK audio s e r v e r ; f o r some t i p s see :
<https : // mathr . co . uk/ blog /2018−10−23 j a c k o n t o p o f p u l s e a u d i o . html>
Al t e rna t i v e l y , compi l ing the c l i v e s e r v e r with ‘make API=sdl2 ‘ might a l low
audio v ia Pulseaudio to work more d i r e c t l y , but r e co rd ing v ia ‘ ecasound ‘

70 won ’ t work out o f the box . To be t e s t e d and documented proper ly .

Run once on s e r v e r and c l i e n t :

mkdir −p ˜/ code
75 cd ˜/ code

g i t c l one https : // code . mathr . co . uk/ c l i v e −core . g i t

Run each s e s s i o n on c l i e n t :

80 cd ˜/ code / c l i v e −core
. / launch /remote− rp i3b . sh user@server code / c l i v e −core

Note : c leanup i s not yet automatic ; you need to k i l l l e f t −over ta sk s on
the s e r v e r host manually . ‘ ps aux | grep c l i v e ‘ may o f f e r some h in t s .

85

#### bela

For Bela running i t s system ( ‘ armv7l ‘ ) connected v ia USB to a Debian
machine . No ssh keys needed as pas sword l e s s root works by d e f a u l t .

90

Server machine ( the Bela ) needs d i r e c t o r y layout l i k e
‘/ root / Bela / p r o j e c t s / c l i v e −core ‘ . You need the ‘ bela ‘ branch o f the
r e p o s i t o r y . Compile ‘ c l i v e − se rver ‘ on the Bela with ‘make API=bela ‘ .
Launch i t by ‘ cd s e r v e r ; . / c l i v e − se rver ‘ .

95 The s c r i p t ‘ launch /remote−be la . sh ‘ does t h i s automat i ca l l y ( and more ) ,
but read i t f i r s t in case i t does not match your setup .

C l i en t machine needs to be Debian St re t ch ( nat ive or a chroot ) . You
can i n s t a l l a chroot with ‘ debootstrap ‘ , read i t s f i n e documentation .
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100 Debian Buster won ’ t work because i t s ‘ g l i b c / libm ‘ i s too new f o r the
Bela , g i v ing t h i s e r r o r message when ‘ c l i v e − se rver ‘ attempts to load
the cros s −compiled code :

/ l i b /arm− l inux −gnueabihf / libm . so . 6 : v e r s i on ’GLIBC 2 . 2 7 ’ not found
105

Cl i en t machine needs ‘ s sh f s ‘ i n s t a l l e d . You might need to c r e a t e the
‘/ dev/ fuse ‘ dev i c e node i n s i d e the chroot i f you are us ing one :

mknod /dev/ f u s e c 10 229
110 chmod g+w, o+w /dev/ f u s e

C l i en t machine needs ‘ gcc −6−arm− l inux −gnueabihf ‘ c ros s −compi ler
i n s t a l l e d . I f you get e r r o r s r e l a t i n g to ‘ c r t i . o ‘ or ‘− lm ‘ or other
ba s i c f u n c t i o n a l i t y , you might need to i n s t a l l more packages , not sure

115 which but I i n s t a l l e d ‘ g++−6−arm− l inux −gnueabihf ‘ and i t worked f o r me .

C l i en t machine chroot user numeric i d s should match your r e g u l a r user ,
i f you have a s i n g l e user then both should be 1000 . This a l l ows you to
run a graph ica l −mode text e d i t o r ou t s i d e the chroot , modifying f i l e s

120 i n s i d e i t with the c o r r e c t pe rmi s s i ons .

I f us ing a chroot , you need to ‘ s sh f s ‘ mount the Bela ‘ c l i v e −core / bui ld ‘
d i r e c t o r y over the ‘ c l i v e −core / bui ld ‘ d i r e c t o r y in the chroot . I f us ing
a chroot , ‘ . / c l i v e − c l i e n t be la .mk‘ should be run i n s i d e i t . I f us ing a

125 nat ive c l i e n t host , you can use ‘ launch /remote−be la . sh ‘ which does
both o f the se th ing s ( and more ) .

Note : c leanup i s not yet automatic ; you need to k i l l l e f t −over ta sk s on
the Bela manually . ‘ ps aux | grep c l i v e ‘ may o f f e r some h in t s .

130

Note : the re i s no audio r e co rd ing support f o r Bela .

## html export

135 HTML5 with audio p laye r synced to syntax−h i g h l i g h t e d source code d i f f s :

. / ext ra / se s s i on2html . sh s e s s i on −branch [ s t a r t −datet ime ]

Expects the s e s s i o n audio r e co rd ing encoded to ‘ . ogg ‘ .
140

Adjust ‘ s t a r t −datetime ‘ i f the audio i s out o f sync ( most commonly by an
hour in summer due to day l i gh t sav ing time ) .

webvtt would be b e t t e r than Java s c r i p t s ea r ch ing a d i c t i o n a r y on each
145 time change , i f only i t worked . . .

## timebase idea

some kind o f encoding o f timestamps as audio , so cut / paste e d i t i n g o f
150 s e s s i o n s can s t i l l be l i nked to code changes ( i e , at each cut boundary

get a combined d i f f o f a l l the changes that were skipped )

45 server/aarch64.mk

OFLAGS=−O3 −march=armv8−a+crc
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46 server/armv7l.mk

OFLAGS=−O3 −march=nat ive

47 server/bela.mk

AFLAGS=−DBELA − I / root / Bela / inc lude −L/ root / Bela / l i b − l b e l a

48 server/clive-server.c

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

5 #inc lude <time . h>

#inc lude <s i g n a l . h>
#inc lude <sys / types . h>
#inc lude <sys / wait . h>

10 #inc lude <uni s td . h>

#i f d e f x 8 6 6 4
#inc lude <f env . h>
#e n d i f

15

#inc lude <l i nux / l i m i t s . h>
#inc lude <sys / i n o t i f y . h>
#inc lude <d l f c n . h>

20 #i f de f i ned (BELA) + de f ined (JACK) + de f ined (SDL2) != 1
#e r r o r exac t l y one audio API must be de f ined
#e n d i f

#i f d e f BELA
25 #inc lude <s tdarg . h>

#inc lude <Bela . h>
#e n d i f

#i f d e f JACK
30 #inc lude <j ack / jack . h>

#e n d i f

#i f d e f SDL2
#inc lude <SDL2/SDL. h>

35 #inc lude <SDL2/SDL audio . h>
#e n d i f

// TODO: s p l i t i n to IN and OUT
// TODO: make i t s e t t a b l e as a command l i n e argument

40 #d e f i n e CHANNELS 2

// per−sample c a l l b a c k implemented in go . so
typede f i n t c a l l b a c k ( void ∗ , int , const f l o a t ∗ , f l o a t ∗) ;

45 // d e f a u l t s i l e n t c a l l b a c k
s t a t i c i n t de f func ( void ∗data , i n t channels , const f l o a t ∗ in , f l o a t ∗out ) {
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( void ) data ;
( void ) in ;
f o r ( i n t c = 0 ; c < channe l s ; ++c ) {

50 out [ c ] = 0 ;
}
re turn 0 ;

}

55 s t a t i c s t r u c t {
#i f d e f BELA
#e n d i f
#i f d e f JACK

j a c k c l i e n t t ∗ c l i e n t ;
60 j a c k p o r t t ∗ in [CHANNELS] , ∗out [CHANNELS] ;

#e n d i f
void ∗data ;
c a l l b a c k ∗ v o l a t i l e func ;
i n t v o l a t i l e r e l oad ;

65 } s t a t e ;

// race mi t i ga t i on
v o l a t i l e i n t i np roc e s s cb = 0 ;

70 v o l a t i l e i n t running = 1 ;
void i n t e r r u p t h a n d l e r ( i n t var )
{

( void ) var ;
running = 0 ;

75 }

#i f d e f BELA
bool setup ( BelaContext ∗ context , void ∗userData )
{

80 ( void ) context ;
( void ) userData ;
re turn true ;

}

85 void cleanup ( BelaContext ∗ context , void ∗userData )
{

( void ) context ;
( void ) userData ;

}
90

void render ( BelaContext ∗ context , void ∗userData )
{

( void ) userData ;
i np roc e s s cb = 1 ; // race mi t i ga t i on

95 // get c a l l b a c k
c a l l b a c k ∗ f = s t a t e . func ;
// handle r e l o a d i n g
i f ( s t a t e . r e l oad ) {

i n t ∗ r e loaded = s t a t e . data ;
100 ∗ r e loaded = 1 ;

s t a t e . r e l oad = 0 ;
}
// loop over samples
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f o r ( unsigned i n t n = 0 ; n < context−>audioFrames ; n++)
105 {

// to b u f f e r
f l o a t in [CHANNELS] ;
f l o a t out [CHANNELS] ;
f o r ( unsigned i n t channel = 0 ; channel < CHANNELS; channel++)

110 {
i f ( channel < context−>audioInChannels )

in [ channel ] = audioRead ( context , n , channel ) ;
e l s e

in [ channel ] = 0 ;
115 }

f o r ( unsigned i n t channel = 0 ; channel < context−>audioOutChannels ; channel⤦
Ç ++)

{
out [ channel ] = 0 ;

}
120 // c a l l b a c k

f ( s t a t e . data , CHANNELS, in , out ) ;
// from b u f f e r
f o r ( unsigned i n t channel = 0 ; channel < CHANNELS; channel++)
{

125 i f ( channel < context−>audioOutChannels )
audioWrite ( context , n , channel , out [ channel ] ) ;

}
}
// done

130 i np ro c e s s cb = 0 ; // race mi t i ga t i on
}
#e n d i f

#i f d e f JACK
135 s t a t i c i n t proce s scb ( j a c k n f r a m e s t nframes , void ∗ arg ) {

i np ro c e s s cb = 1 ; // race mi t i ga t i on
// s e t f l o a t i n g po int environment f o r denormal −>0.0

#i f d e f x 8 6 6 4
f e n v t f e ;

140 f e ge t env (& f e ) ;
unsigned i n t o ld mxcsr = f e . mxcsr ;
f e . mxcsr |= 0x8040 ; // s e t DAZ and FTZ
f e s e t e n v (& f e ) ;

#e n d i f
145 // get jack b u f f e r s

j a c k d e f a u l t a u d i o s a m p l e t ∗ in [CHANNELS] ;
j a c k d e f a u l t a u d i o s a m p l e t ∗out [CHANNELS] ;
f o r ( i n t c = 0 ; c < CHANNELS; ++c ) {

in [ c ] = ( j a c k d e f a u l t a u d i o s a m p l e t ∗) j a c k p o r t g e t b u f f e r ( s t a t e . in [ c ] , ⤦
Ç nframes ) ;

150 out [ c ] = ( j a c k d e f a u l t a u d i o s a m p l e t ∗) j a c k p o r t g e t b u f f e r ( s t a t e . out [ c ] , ⤦
Ç nframes ) ;

}
// get c a l l b a c k
c a l l b a c k ∗ f = s t a t e . func ;
// handle r e l o a d i n g

155 i f ( s t a t e . r e l oad ) {
i n t ∗ r e loaded = s t a t e . data ;
∗ r e loaded = 1 ;
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s t a t e . r e l oad = 0 ;
}

160 // loop over samples
f o r ( j a c k n f r a m e s t i = 0 ; i < nframes ; ++i ) {

// to b u f f e r
f l o a t i n i [CHANNELS] ;
f l o a t ou t i [CHANNELS] ;

165 f o r ( i n t c = 0 ; c < CHANNELS; ++c ) {
i n i [ c ] = in [ c ] [ i ] ;
ou t i [ c ] = 0 ;

}
// c a l l b a c k

170 /∗ i n t i n h i b i t r e l o a d = ∗/ f ( s t a t e . data , CHANNELS, i n i , ou t i ) ;
// from b u f f e r
f o r ( i n t c = 0 ; c < CHANNELS; ++c ) {

out [ c ] [ i ] = out i [ c ] ;
}

175 }
// r e s t o r e f l o a t i n g po int environment

#i f d e f x 8 6 6 4
f e . mxcsr = old mxcsr ;
f e s e t e n v (& f e ) ;

180 #e n d i f
// done
inp roc e s s cb = 0 ; // race mi t i ga t i on
return 0 ;

}
185

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

}

190 s t a t i c void shutdowncb ( void ∗ arg ) {
e x i t (1 ) ;

}

s t a t i c void a t e x i t c b ( void ) {
195 j a c k c l i e n t c l o s e ( s t a t e . c l i e n t ) ;

}
#e n d i f

#i f d e f SDL2
200 s t a t i c void audiocb ( void ∗ userdata , Uint8 ∗ stream , i n t l en ) {

i np ro c e s s cb = 1 ; // race mi t i ga t i on
// s e t f l o a t i n g po int environment f o r denormal −>0.0

#i f d e f x 8 6 6 4
f e n v t f e ;

205 f e ge t env (& f e ) ;
unsigned i n t o ld mxcsr = f e . mxcsr ;
f e . mxcsr |= 0x8040 ; // s e t DAZ and FTZ
f e s e t e n v (& f e ) ;

#e n d i f
210 // get b u f f e r s

f l o a t ∗out = ( f l o a t ∗) stream ;
i n t nframes = len / s i z e o f ( f l o a t ) / CHANNELS;
// get c a l l b a c k
c a l l b a c k ∗ f = s t a t e . func ;
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215 // handle r e l o a d i n g
i f ( s t a t e . r e l oad ) {

i n t ∗ r e loaded = s t a t e . data ;
∗ r e loaded = 1 ;
s t a t e . r e l oad = 0 ;

220 }
// loop over samples
i n t k = 0 ;
f o r ( i n t i = 0 ; i < nframes ; ++i ) {

// to b u f f e r
225 f l o a t i n i [CHANNELS] ;

f l o a t ou t i [CHANNELS] ;
f o r ( i n t c = 0 ; c < CHANNELS; ++c ) {

i n i [ c ] = 0 ;
ou t i [ c ] = 0 ;

230 }
// c a l l b a c k
/∗ i n t i n h i b i t r e l o a d = ∗/ f ( s t a t e . data , CHANNELS, i n i , ou t i ) ;
// from b u f f e r
f o r ( i n t c = 0 ; c < CHANNELS; ++c ) {

235 out [ k++] = out i [ c ] ;
}

}
// r e s t o r e f l o a t i n g po int environment

#i f d e f x 8 6 6 4
240 f e . mxcsr = old mxcsr ;

f e s e t e n v (& f e ) ;
#e n d i f

// done
inp roc e s s cb = 0 ; // race mi t i ga t i on

245 }
#e n d i f

i n t main ( i n t argc , char ∗∗ argv ) {
srand ( time (0 ) ) ;

250 s t a t e . func = de f func ;
s t a t e . data = c a l l o c (1 , 64 ∗ 1024 ∗ 1024) ;
s t a t e . r e l oad = 0 ;

#i f d e f BELA
B e l a I n i t S e t t i n g s ∗ s e t t i n g s = B e l a I n i t S e t t i n g s a l l o c ( ) ;

255 B e l a d e f a u l t S e t t i n g s ( s e t t i n g s ) ;
s e t t i n g s −>setup = setup ;
s e t t i n g s −>render = render ;
s e t t i n g s −>cleanup = cleanup ;
i f ( Be la in i tAud io ( s e t t i n g s , 0) )

260 {
B e l a I n i t S e t t i n g s f r e e ( s e t t i n g s ) ;
f p r i n t f ( s tde r r , ” could not i n i t audio \n”) ;
r e turn 1 ;

}
265 B e l a I n i t S e t t i n g s f r e e ( s e t t i n g s ) ;

i f ( Be la s tar tAudio ( ) )
{

f p r i n t f ( s tde r r , ” could not s t a r t audio \n”) ;
r e turn 1 ;

270 }
#e n d i f
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#i f d e f JACK
j a c k s e t e r r o r f u n c t i o n ( e r ro r cb ) ;
i f ( ! ( s t a t e . c l i e n t = j a c k c l i e n t o p e n (” c l i v e ” , JackNoStartServer , 0) ) ) {

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

}
a t e x i t ( a t e x i t c b ) ;
j a c k s e t p r o c e s s c a l l b a c k ( s t a t e . c l i e n t , processcb , 0) ;

280 jack on shutdown ( s t a t e . c l i e n t , shutdowncb , 0) ;
// multi −channel p r o c e s s i n g
f o r ( i n t c = 0 ; c < CHANNELS; ++c ) {

char portname [ 1 0 0 ] ;
s n p r i n t f ( portname , 100 , ” input %d” , c + 1) ;

285 s t a t e . in [ c ] = j a c k p o r t r e g i s t e r ( s t a t e . c l i e n t , portname , ⤦
Ç JACK DEFAULT AUDIO TYPE, JackPortIsInput , 0) ;

s n p r i n t f ( portname , 100 , ” output %d” , c + 1) ;
s t a t e . out [ c ] = j a c k p o r t r e g i s t e r ( s t a t e . c l i e n t , portname , ⤦

Ç JACK DEFAULT AUDIO TYPE, JackPortIsOutput , 0) ;
}
i f ( j a c k a c t i v a t e ( s t a t e . c l i e n t ) ) {

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

}
// s t e r e o r e co rd ing
jack connec t ( s t a t e . c l i e n t , ” c l i v e : output 1 ” , ” record : i n 1 ”) ;

295 j a ck connec t ( s t a t e . c l i e n t , ” c l i v e : output 2 ” , ” record : i n 2 ”) ;
// s t e r e o output to system
jack connec t ( s t a t e . c l i e n t , ” c l i v e : output 1 ” , ” system : playback 1 ”) ;
j a ck connec t ( s t a t e . c l i e n t , ” c l i v e : output 2 ” , ” system : playback 2 ”) ;
// s t e r e o output to pu l s e

300 j a ck connec t ( s t a t e . c l i e n t , ” c l i v e : output 1 ” , ” PulseAudio JACK Source : f ront −⤦
Ç l e f t ”) ;

j a ck connec t ( s t a t e . c l i e n t , ” c l i v e : output 2 ” , ” PulseAudio JACK Source : f ront −⤦
Ç r i g h t ”) ;

// s t e r e o input from system
jack connec t ( s t a t e . c l i e n t , ” system : capture 1 ” , ” c l i v e : input 1 ”) ;
j a ck connec t ( s t a t e . c l i e n t , ” system : capture 2 ” , ” c l i v e : input 2 ”) ;

305 // s t e r e o input from pu l s e
j a ck connec t ( s t a t e . c l i e n t , ” PulseAudio JACK Sink : f ront − l e f t ” , ” c l i v e : input 1⤦

Ç ”) ;
j a ck connec t ( s t a t e . c l i e n t , ” PulseAudio JACK Sink : f ront − r i g h t ” , ” c l i v e : input 2⤦

Ç ”) ;
#e n d i f
#i f d e f SDL2

310 // i n i t i a l i z e SDL2 audio
SDL Init (SDL INIT AUDIO) ;
SDL AudioSpec want , have ;
want . f r e q = 48000 ; // FIXME don ’ t hardcode d e s i r e d sample ra t e
want . format = AUDIO F32 ;

315 want . channe l s = CHANNELS;
want . samples = 4096 ; // FIXME don ’ t hardcode b u f f e r s i z e
want . c a l l b a c k = audiocb ;
SDL AudioDeviceID dev = SDL OpenAudioDevice (NULL, 0 , &want , &have , ⤦

Ç SDL AUDIO ALLOW ANY CHANGE) ;
i f ( have . format != AUDIO F32 | | have . channe l s != CHANNELS)

320 {
f p r i n t f ( s tde r r , ”want : %d %d %d %d\n” , want . f r eq , want . format , want . channels⤦
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Ç , want . samples ) ;
f p r i n t f ( s tde r r , ”have : %d %d %d %d\n” , have . f req , have . format , have . channels⤦

Ç , have . samples ) ;
f p r i n t f ( s tde r r , ” e r r o r : bad audio parameters \n”) ;
r e turn 1 ;

325 }
SDL PauseAudioDevice ( dev , 0) ;

#e n d i f
s i g n a l (SIGINT , i n t e r r u p t h a n d l e r ) ;
s i g n a l (SIGTERM, i n t e r r u p t h a n d l e r ) ;

330 // watch f o r f i l e s y s t e m changes
i n t ino = i n o t i f y i n i t ( ) ;
i f ( ino == −1) {

per ro r (” i n o t i f y i n i t ( ) ”) ;
r e turn 1 ;

335 }
i n t wd = inot i f y add watch ( ino , ” . . / bu i ld /” , IN CLOSE WRITE) ;
i f (wd == −1) {

per ro r (” ino t i f y add watch ( ) ”) ;
r e turn 1 ;

340 }
s s i z e t bu f byte s = s i z e o f ( s t r u c t i n o t i f y e v e n t ) + NAMEMAX + 1 ;
char ∗buf = mal loc ( bu f byte s ) ;
// double−b u f f e r i n g s t u f f
void ∗ o l d d l = 0 ;

345 void ∗new dl = 0 ;
i n t which = 0 ;
// main loop
whi l e ( running ) {

/∗
350 Double b u f f e r i n g to avoid g l i t c h e s on re l oad . Can ’ t dlopen the same f i l e

twice ( or even syml inks t h e r e o f ) due to a g g r e s s i v e caching seemingly based
on f i l e names by l i b d l , so copy the t a r g e t to one o f two names .
To avoid c ra sh ing by unloading running code , open the other . so f i l ename to the
runnning code be f o r e swapping p o i n t e r s when h o p e f u l l y not in a JACK proce s s

355 c a l l b a c k in the DSP thread . F i n a l l y d l c l o s e the prev ious and swap the b u f f e r
index .
∗/

const char ∗copycmd [ 2 ] =
{ ”cp − f . . / bu i ld /go . so . . / bu i ld /go . a . so ”

360 , ”cp − f . . / bu i ld /go . so . . / bu i ld /go . b . so ”
} ;

const char ∗ l i b r a r y [ 2 ] =
{ ” . . / bu i ld /go . a . so ”
, ” . . / bu i ld /go . b . so ”

365 } ;
i f ( system ( copycmd [ which ] ) ) {

f p r i n t f ( s tde r r , ”\x1b [ 3 1 ; 1mCOPY COMMAND FAILED: ’%s ’\ x1b [ 0m\n” , copycmd [⤦
Ç which ] ) ;

}
e l s e i f ( ( new dl = dlopen ( l i b r a r y [ which ] , RTLD NOW) ) ) {

370 c a l l b a c k ∗new cb ;
∗( void ∗∗) (&new cb ) = dlsym ( new dl , ”go ”) ;
i f ( new cb ) {

// race mi t i ga t i on : d l c l o s e with jack running in . so −> boom
whi le ( i np roc e s s cb ) ;

375 // JACK proce s s c a l l b a c k not running
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s t a t e . func = new cb ;
s t a t e . r e l oad = 1 ;
// JACK proce s s c a l l b a c k might have s t a r t e d again
// race mi t i ga t i on

380 whi le ( i np roc e s s cb ) ;
// JACK proce s s c a l l b a c k not running , and not r e f e r e n c i n g o ld s t a t e . func
i f ( o l d d l ) {

d l c l o s e ( o l d d l ) ;
}

385 o l d d l = new dl ;
new dl = 0 ;
which = 1 − which ;
f p r i n t f ( s tde r r , ”\x1b [ 3 2 ; 1mRELOADED: ’%p ’\ x1b [ 0m\n” , ∗( void ∗∗) (&new cb⤦

Ç ) ) ;
} e l s e {

390 f p r i n t f ( s tde r r , ”\x1b [ 3 1 ; 1mNO FUNCTION DEFINED: ’ go ( ) ’\ x1b [ 0m\n”) ;
d l c l o s e ( new dl ) ;

}
} e l s e {

// another race cond i t i on : the . so d i sappeared be f o r e load
395 f p r i n t f ( s tde r r , ”\x1b [ 3 1 ; 1mFILE VANISHED: ’%s ’\ x1b [ 0m\n” , l i b r a r y [ which ] ) ;

const char ∗ e r r = d l e r r o r ( ) ;
i f ( e r r ) {

f p r i n t f ( s tde r r , ”\x1b [ 3 1 ; 1m%s \x1b [ 0m\n” , e r r ) ;
}

400 }
// read events ( b lock ing )
i n t done = 0 ;
do {

memset ( buf , 0 , bu f byte s ) ;
405 s s i z e t r = read ( ino , buf , bu f byte s ) ;

i f ( r == −1) {
per ro r (” read ( ) ”) ;
s l e e p (1 ) ;

} e l s e {
410 char ∗bufp = buf ;

whi l e ( bufp < buf + r )
{

s t r u c t i n o t i f y e v e n t ∗ev = ( s t r u c t i n o t i f y e v e n t ∗) bufp ;
bufp += s i z e o f ( s t r u c t i n o t i f y e v e n t ) + ev−> l en ;

415 i f ( ev−>mask & IN CLOSE WRITE) {
f p r i n t f ( s tde r r , ”\x1b [ 3 2 ; 1mFILE CHANGED: ’%s ’\ x1b [ 0m\n” , ev−>name) ;
i f (0 == strcmp (” go . so ” , ev−>name) ) {

done = 1 ;
}

420 }
}

}
} whi le ( running && ! done ) ;

}
425 #i f d e f BELA

Bela stopAudio ( ) ;
Bela cleanupAudio ( ) ;

#e n d i f
#i f d e f JACK

430 #e n d i f
// never reached
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c l o s e ( ino ) ;
r e turn 0 ;

}

49 server/clive-server.sh

#!/ bin /bash
cd ”$ ( r e a d l i n k −e ”$ ( dirname ”$0 ”) ”) ”
make
whi l e t rue

5 do
. / c l i v e − s e r v e r
s l e e p 1

done

50 server/i686.mk

OFLAGS=−O3 −march=nat ive −mfpmath=s s e

51 server/jack.mk

AFLAGS=−DJACK ‘ pkg− c o n f i g −− c f l a g s −− l i b s jack ‘

52 server/Makefile

GCC ?= gcc

a l l : c l i v e − s e r v e r

5 ARCH ?= $ ( s h e l l uname −m)
inc lude $ (ARCH) .mk

API ?= jack
inc lude $ (API) .mk

10

c l i v e − s e r v e r : c l i v e − s e r v e r . c
$ (GCC) −std=c99 −Wall −pedant ic −Wextra −Wno−unused−parameter $ (OFLAGS) ⤦

Ç $ (AFLAGS) − I . −o c l i v e − s e r v e r c l i v e − s e r v e r . c − l d l −lm

53 server/sdl2.mk

AFLAGS=−DSDL2 ‘ sdl2 − c o n f i g −− c f l a g s −− l i b s ‘

54 server/x86 64.mk

OFLAGS=−O3 −march=x86−64 −mfpmath=s s e
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