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# SLab

A System f o r Proce s s ing D i g i t a l l y Sampled Sound

5 ## Analys i s

### Background to the problem

My main hobby i s wr i t i ng music us ing my computer and s yn th e s i z e r . The
10 computer i s at the cent r e o f the system , c o n t r o l l i n g the s yn th e s i z e r and

reco rd ing and p lay ing back sound . The computer r e co rd s sounds
d i g i t a l l y , and the r e s u l t i n g stream of numbers can be manipulated to
a l t e r the c h a r a c t e r i s t i c s o f the sound .

15 I cu r r en t l y use s e v e r a l programs to proce s s sounds , but I f i nd that none
o f them are f l e x i b l e or power fu l enough . There fore f o r t h i s p r o j e c t I
w i l l c r e a t e a system f o r p ro c e s s i ng d i g i t a l l y sampled sounds .

In a music s tud io d i f f e r e n t p i e c e s o f equipment l i k e s yn t h e s i z e r s and
20 e f f e c t s p r o c e s s o r s are s e l f −conta ined un i t s which can be connected

toge the r in d i f f e r e n t ways with cab l e s ca r ry ing audio s i g n a l s in
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e l e c t r i c a l form . This method o f producing music has been r e f i n e d over
the past f i f t y years and has been shown to be f l e x i b l e , power fu l and
s u c c e s s f u l .

25

However , hardware i s expens ive , and separa te un i t s o f t en dup l i c a t e
f un c t i on s . Al l e a r l y equipment was analogue , based on the p r op e r t i e s o f
e l e c t r o n i c components . Nearly a l l new e f f e c t s p r o c e s s o r s perform th e i r
a c t i on s mathematical ly on sounds in the d i g i t a l domain and th e r e f o r e

30 they conta in analogue to d i g i t a l and d i g i t a l to analogue conve r t e r s
(ADCs and DACs) . The s i g n a l i s o f t en converted many times between
analogue and d i g i t a l forms in i t s path through the studio , which i s both
i n e f f i c i e n t in terms o f hardware co s t and unde s i r ab l e in terms o f s i g n a l
qua l i t y . Some e f f e c t s p roce s so r s , but s t i l l a smal l minority , have

35 d i g i t a l inputs and outputs but the smal l market imp l i e s a high p r i c e .

In the 1980 s a new type o f musica l instrument became a f f o r d ab l e . The
sampler i s e s s e n t i a l l y a d i g i t a l r ecord and rep lay system , p o t e n t i a l l y
much more power fu l and un i v e r s a l than t r a d i t i o n a l s yn th e s i z e r s , and

40 although the f i r s t samplers only had enough memory f o r one or two
seconds o f record time they became popular f o r the ease in which sounds
can be sampled and proce s sed . Some popular computers could soon play
back samples .

45 In an i n i t i a l l y s epara te trend to the d i g i t a l i s a t i o n o f e f f e c t s
p roce s so r s , the ownership and power o f pe r sona l computers have r i s e n
dramat i ca l l y . Coupled with the development o f the musica l instrument
d i g i t a l i n t e r f a c e (MIDI) standard , o r i g i n a l l y developed so that notes
played on one keyboard could t r i g g e r sounds on another syn the s i z e r ,

50 a l l ow ing computer ised r e co rd ing and ed i t i n g o f performances , computers
began to be found in music s tud i o s . At f i r s t the computers were used
only f o r sequenc ing ( r e co rd ing and ed i t i n g con t r o l data ) but soon
sampling and hard d i sk r e co rd ing became popular .

55 At t h i s po int the f i n a l v i s i o n became c l e a r . I t would even tua l l y be
p o s s i b l e to have near ly a l l o f a r e co rd ing s tud io in one box , bar the
microphones and loudspeaker s . Ins tead o f connect ing hardware un i t s with
wires , audio data would pass through pro c e s s i ng software , e n t i r e l y
d i g i t a l and t h e r e f o r e with no in te rmed ia t e s i g n a l degradat ion and

60 i n t e r f e r e n c e .

### Research

Sound waves are cont inuous changes in a i r pres sure , which microphones
65 convert to vary ing vo l tages , but computers can only dea l with d i s c r e t e

numbers . The cont inuous input s i g n a l i s converted to a stream of
numbers by sampling and quant i s a t i on . Sampling r e co rd s the value o f the
s i g n a l at s p e c i f i c time in s tan t s , and quant i s a t i on conver t s the se
cont inuous va lue s in to numbers with f i n i t e p r e c i s i o n . Once sampled , the

70 sound data can be manipulated in many ways , f o r example changing the
r e l a t i v e amplitude and phase o f f requency components ( f i l t e r i n g ) or
reduc ing changes in volume ( compress ion ) .

Much o f s i g n a l p r o c e s s i ng i s based on r i g o r ou s mathematical foundat ions ,
75 which prov ide s e f f i c i e n t a lgor i thms f o r ca r ry ing out mod i f i c a t i on s and

exp l a i n i ng how the data i s be ing modi f i ed . As t h i s in fo rmat ion i s
ra the r t e chn i ca l , i t w i l l be cons ide r ed in an appendix .
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### Exi s t ing so f tware
80

I use s e v e r a l e x i s t i n g app l i c a t i on programs to proce s s sound samples .
Most o f the se have very s im i l a r user i n t e r f a c e s , thus shar ing both i t s
advantages and i t s d i sadvantages .

85 Typica l l y a l a r g e part o f the s c r e en i s occupied with a g raph i c a l
waveform d i sp l ay . Dragging with the mouse in t h i s s e c t i o n o f the
d i sp l ay marks a range on which f o l l ow i n g ope ra t i on s are to be performed .
Contro l s a l s o e x i s t to zoom in to look more c l o s e l y at a p a r t i c u l a r
por t i on o f sampled data . The use o f a g raph i c a l d i sp l ay a l l ows the user

90 to i d e n t i f y d i f f e r e n t par t s o f a long sound , f o r example bass and snare
s t r i k e s in a drum part or d i f f e r e n t s y l l a b l e s in speech .

Below the waveform d i sp l ay are the most commonly used funct i ons , such as
c o n t r o l l i n g the d i sp l ay and p lay ing back and reco rd ing sounds . Common

95 range ope ra t i on s are a l s o ava i l ab l e , the usua l cut , copy and paste found
in almost a l l a pp l i c a t i o n so f tware . Readi ly a c c e s s i b l e , i t makes s imple
e d i t i n g o f sounds quick and easy .

Less commonly used func t i on s tend to be hidden away in sub menus , and as
100 each operat i on simply r e p l a c e s the marked range with the proce s sed

ve r s i on i t can be hard to combine d i f f e r e n t e f f e c t s e a s i l y or perform
the same ope ra t i on s on many d i f f e r e n t sounds . An unconnected problem i s
that o f t en the parameters o f the var i ous e f f e c t s are obscure , with
va lue s not connected to the r e a l world o f sound .

105

#### OctaMED Pro f e s s i o n a l

v6 .00 o © Tei jo Kinnunen and Ray Burt−Frost ( 1 995 . 1 1 . 1 1 )

110 OctaMED was developed from MED, a program o r i g i n a l l y c r ea ted to a l low
programmers to c r e a t e music f o r computer games . The program became much
more advanced , the ”Octa” part o f the name coming from i t s a b i l i t y to
play e i gh t recorded sounds at once through only four hardware sound c
hannels . In add i t i on to the t r a cke r ed i t o r ( f o r wr i t i ng music ) OctaMED

115 has a sample ed i to r , so the sounds used in compos i t ions can be modi f i ed
without having to use other programs .

The sample ed i t o r i s o f the type de s c r ibed above , with var i ous windows
and menus .

120

The i n t e r f a c e i s s a t i s f a c t o r y f o r s imple mod i f i ca t i ons , but the un i t s
used are not d i r e c t l y r e l a t e d to the sound . For example , the echo ra t e
i s the number o f samples between echoes , so to c r e a t e a s p e c i f i c time
de lay one has to perform c a l c u l a t i o n s with the sample ra t e . The f i l t e r

125 window has two parameters , d i s t anc e i s the per iod o f the f requency to be
f i l t e r e d ( so again the sample ra t e i s invo lved i f one wishes to f i l t e r a
c e r t a i n f requency ) and averag ing determines the s t r ength o f f i l t e r i n g .
The f i l t e r window a l s o prov ide s a c c e s s to the boost command .

130 OctaMED SoundStudio f e a t u r e s c on t r o l through ARexx , a system o f pas s ing
t ex tua l commands between app l i c a t i o n s . This would enable batch
p ro c e s s i ng s c r i p t s to be c rea ted .

Unl ike many audio app l i c a t i o n s f o r the Amiga range o f computers , OctaMED
135 has a user i n t e r f a c e c on s i s t e n t with the r e s t o f the operat ing system .
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This i s d e s i r a b l e as i t i s e a s i e r f o r a user to use a f am i l i a r i n t e r f a c e
s t y l e than to have to l e a rn d i f f e r e n t symbols .

#### Bars and Pipes P r o f e s s i o n a l
140

v1 . 0 e © The Blue Ribbon Soundworks Ltd . (1991 , 1992)

Bars and Pipes i s a MIDI sequencer , des igned to record , e d i t and rep lay
data from keyboards and s yn t h e s i z e r s . This aspect i s not r e l e van t to

145 s i g n a l proce s s ing , however Bars and Pipes has a power fu l system o f t o o l s
c on t r o l l e d by a g raph i c a l user i n t e r f a c e . What makes Bars and Pipes
s p e c i a l i s i t s system o f ” p ipe s ” and ” pipe t o o l s ” . The f low o f data
from input to standard track s to rage to output i s r ep re s ented
ana logous ly to the f low o f l i q u i d through pipes , and p ro c e s s i ng b locks

150 can be i n s e r t e d to modify or r e rou t e the data .

Tools are dragged from the too lbox window to the pipe us ing the mouse .
Tools are shown with symbols , but the ‘ [ ? ] ‘ i con at the s t a r t o f the
too lbox g i v e s a l i s t by name . A too l in p lace can be moved l e f t or

155 r i g h t in the pipe or de l e t ed . Tools with more than one output can be
connected to a t o o l with more than one input . Double c l i c k i n g on a t o o l
c a l l s up i t s parameter window , from where the t o o l can be c on t r o l l e d .

Tools pre sent in t h i s d i s t r i b u t i o n o f Bars and Pipes ( in order from l e f t
160 to r i g h t in the too lbox window shown above ) in c lude : Branch ,

Counterpoint , Echo , Invert , Keyboard Sp l i t , Merge , Modulator , MIDI In ,
MIDI Out , Quantize , Transpose , Triad , Fl ip , Loop , UnQuantize , Phrase
Shaper , Sforzando , Subdivider , Spare Keys , Accompany B, Ar t i cu l a to r ,
Doctor o f Ve loc i ty , Easy Off , Elbow , Feedback In , Feedback Out , Harmony

165 Generator , Note F i l t e r , Plug , Reverse , Stop ! , and Ve loc i ty S p l i t t e r .

There i s deve loper in fo rmat ion ava i l ab l e , so new pipe t o o l s can be
created . The system i s des igned in such a way that the main program
does not need to be recompiled , the t o o l s are s epara te ob j e c t code

170 f i l e s . C i s used with c l e v e r coding o f ob j e c t o r i en t ed techniques ,
presumably because i t was the standard operat ing system language and
because C++ was not wide ly a v a i l a b l e .

#### AmiSOX
175

v3 . 3 ( 1994 . 0 2 . 2 8 )

SOund eXchange v6 .11 f o r Amiga

180 Created and maintained by Lance Norskog ( thinman@netcom . com) , Amiga port
by David Champion (dgc3@midway . uchicago . edu ) .

”SOX i s intended as the Swiss army kn i f e o f sound pro c e s s i ng t o o l s . I t
doesn ’ t do anything very wel l , but sooner or l a t e r i t comes in very

185 handy . ”

AmiSOX or i g i n a t ed under the UNIX operat ing system as a un i v e r s a l sound
f i l e format t r a n s l a t o r . UNIX i s a text −based OS, and AmiSOX i s command
l i n e driven , although a separa te g r aph i c a l user i n t e r f a c e i s a v a i l a b l e .

190

Only one e f f e c t may be app l i ed at once , f o r mu l t ip l e e f f e c t s a pipe may
be used .

6
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Sc r i p t s are u s e f u l f o r h id ing opt ions , f o r example ”X2Y f i l e ” conta in s
195 the command f o r conver t ing f i l e .X to f i l e .Y.

Command l i n e syntax :

‘ ‘ ‘
200 sox [ opt ions ] [ format ] i n f i l e [ format ] o u t f i l e [ e f f e c t [ f xopt s ] ]

‘ ‘ ‘

Options in c lude volume change r e l a t i v e to 1 . Format s p e c i f i e r s d e f i n e
e i t h e r r e cogn i z ed types ( sample f i l e s with header data ) or raw data

205 ( f i l e conta in s no in fo rmat ion about data so i t must be g iven ) .

##### Ef f e c t s in AmiSOX

− ‘ copy ‘ ( no e f f e c t )
210

− ‘ rate ‘ ( resample at new ra t e ( g iven by output format ) by l i n e a r
i n t e r p o l a t i o n )

− ‘ avg ‘ ( reduce number o f channe l s by averag ing )
215

− ‘ r eve r s e ‘ ( r e v e r s e e n t i r e sample )

− ‘ echo [ de lay volume ]+ ‘ ( s imple echo , de lays g iven in seconds ,
volumes g iven r e l a t i v e to 1)

220

− ‘ v ibro speed [ depth ] ‘ ( volume tremolo , speed given in c y c l e s per
second ( l e s s than 30) , depth given as f r a c t i o n o f f u l l modulation
( l e s s than 1) )

225 − ‘ lowp frequency ‘ ( g en t l e low pass f i l t e r at f requency given in c y c l e s
per second )

− ‘ highp frequency ‘ ( g en t l e high pass f i l t e r at f requency given in
c y c l e s per second )

230

− ‘ band [ −n ] f r e q [ width ] ‘ ( band pass f i l t e r between f − w and
f + w, f requency and width given in c y c l e s per second , the manual
s t a t e s that ” the d e f au l t mode i s o r i en t ed to p i tched s i gna l s , the
a l t e r n a t i v e −n ( no i s e ) mode i s f o r unpitched sounds ; no i s e i s

235 in t roduced in the shape o f the f i l t e r ”)

− ‘ s tat ‘ ( l i s t s t a t i s t i c s about input f i l e , no output f i l e i s generated )

##### The Sound Tools Library
240

Prev ious ly on a l t . sources , now on comp . sour c e s . misc . This i s the C
source l i b r a r y f o r sox conta in ing the p r o t o c o l s f o r components ( l i k e
f i l e hand le r s and e f f e c t s ) to i n t e r a c t , and e f f e c t s a lgor i thms . Fu l l
deve loper mate r i a l i s inc luded so new formats and e f f e c t s can be

245 implemented , made e a s i e r by sk e l e t on d r i v e r s . I n t e r na l data i s s igned
32− b i t i n t e g e r .

#### SOXGUI

7
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250 v1 . 2 © Stephan Kle in ( 1995 . 0 5 . 2 5 )

This i s a ba s i c g r aph i c a l i n t e r f a c e to AmiSOX. SOXGUI i s an e a s i e r way
o f s p e c i f y i n g the command l i n e f o r AmiSOX, us ing the mouse to s e l e c t
opt ions . SOXGUI then execute s AmiSOX with the command l i n e i t

255 gene ra t e s . SOXGUI i s very simple , but e f f e c t i v e . The i n t e r f a c e i s s e l f
explanatory , the l a r g e ”AmiSOX ! ! ! ” button s t a r t s AmiSOX.

#### ScreenX

260 v3 . 0 © Steve Tibbett

This u t i l i t y program saves the s c r e en image to a f i l e when a key
combination i s pre s sed .

265 #### Deluxe Paint I I I

v3 .25 © E l e c t r on i c Arts (1985 , 1990)

This i s a g raph i c s program which I used to crop the images saved by
270 ScreenX .

#### Black ’ s Editor

v1 .01 © Marco Negri ( 1 996 . 0 4 . 0 1 )
275

This i s a t ext ed i t o r which I used to type much o f the p r o j e c t .

### System Requirements

280 The system needs to func t i on in a s im i l a r way to r e a l music s tud ios ,
that i s , p r o c e s s i ng un i t s are connected with paths f o r sound and con t r o l
data .

There should be a va r i e t y o f p r o c e s s i ng un i t s ava i l ab l e , some model l ing
285 complete audio e f f e c t s dev i c e s ( f o r example an echo un i t ) and othe r s

ac t ing as s imp le r bu i l d i ng b locks ( f o r example a de lay un i t ) .

The system needs to read and wr i t e sound sample f i l e s in IFF 8SVX and
RIFF WAVE formats . These are the types o f f i l e s I use most f r equent ly ,

290 and other formats can be converted e a s i l y us ing SOX or some other such
program .

The system needs to be portab le , that i s , e a s i l y adapted to d i f f e r e n t
computers and operat ing systems . The system w i l l be c r ea ted f o r the

295 Acorn Archimedes computer running the RiscOS operat ing system , but I
c r e a t e music on the Amiga computer running AmigaOS . As most o f the
implementation w i l l be mathematical , p o r t a b i l i t y w i l l only be an i s s u e
f o r c e r t a i n par t s o f the system .

300 The system needs to be c on t r o l l e d by t ex tua l commands , with the
p o s s i b i l i t y o f batch s c r i p t f i l e s conta in ing many commands to ease
r e p e t i t i v e ope ra t i on s . The grammar o f the commands should be as s imple
and gene ra l as po s s i b l e , whereas the vocabulary needs to be ab le to
expand to inc lude new types o f p r o c e s s i ng un i t .

305

### Hardware and Software Requirements

8
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The system i s un l i k e l y to r e qu i r e any p a r t i c u l a r so f tware to run , as the
i n t e r f a c e i s t ex tua l . Textual i n t e r a c t i o n with the user i s supported

310 with in C++, so the so f tware may need to be simply recompi led f o r a new
operat ing system .

Hardware requi rements are un l i k e l y to be s p e c i f i c . The system w i l l not
support r e a l time p ro c e s s i ng because t h i s r e qu i r e s s p e c i f i c hardware , so

315 speed i s not ab s o l u t e l y c r i t i c a l . However , the f a s t e r a computer i s the
more complex rou t i ng s and e f f e c t s i t w i l l be ab le to perform without the
user wai t ing a long time . The s c r i p t f a c i l i t y w i l l enable u s e r s o f s low
computers to l eave the computer per forming complex p ro c e s s i ng whi l e they
do something e l s e .

320

## Design

### System Arch i t e c tu r e

325 There are three main e lements o f the system , the se are the command l i n e
i n t e r f a c e , the e f f e c t a lgor i thms , and the management ke rne l to l i n k them
toge the r .

### Ef f e c t s
330

E f f e c t s p ro c e s s i ng i s the aim o f the system , so t h i s s e c t i o n w i l l be
d i s cu s s ed f i r s t .

There are two main s t r a t e g i e s f o r p ro c e s s i ng sampled data , each with
335 va r i a t i o n s .

Simple programs , l i k e OctaMED’ s sample ed i to r , s t o r e the e n t i r e sound in
memory , a long with a spare memory bu f f e r . Each e f f e c t works in i t s own
way , read ing d i r e c t l y from one data array and wr i t i ng to the other .

340

More r e f i n e d programs , such as AmiSOX, can handle f i l e s l a r g e r than
av a i l a b l e memory by s p l i t t i n g them in to sma l l e r b locks . This f o r c e s the
e f f e c t s to work in a broadly time−ordered manner , s t a r t i n g at the s t a r t
o f the sound and working through to the end . AmiSOX deve loper mate r i a l

345 can be found in the appendix .

These two ”ad hoc” methods are ra the r i n f l e x i b l e . To use more than one
e f f e c t , mu l t ip l e runs o f the programs are r equ i r ed . A pipe a l l ows
s e r i a l cha ins to be c reated r e l a t i v e l y e a s i l y but p a r a l l e l rout ing i s

350 more awkward .

However , what i s impos s ib l e with t h i s method i s feedback between
separa te e f f e c t s ( although feedback with in an i nd i v i dua l e f f e c t i s
p o s s i b l e ) . This i s qu i t e l im i t i n g . For example , a chorus e f f e c t

355 ( c o n s i s t i n g o f s e v e r a l c op i e s o f the o r i g i n a l sound superimposed at
vary ing p i t ch e s ) can be turned in to a more dramatic f l a n g e r e f f e c t with
the s imple add i t i on o f a feedback loop . Feedback in t h i s way r e qu i r e s
that only one sample i s proce s sed at once . Without the f l e x i b l e rout ing
that s i n g l e sample operat i on al lows , f o r example , the f l a n g e r e f f e c t

360 would have to be r ewr i t t en from the chorus e f f e c t , r e qu i r i n g much more
work .

As each e f f e c t p r o c e s s e s only one sample be f o r e pas s ing i t on , and the

9
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vast major i ty o f e f f e c t s r e qu i r e in fo rmat ion from more than one input
365 sample to generate the output , coupled with the f a c t that each e f f e c t i s

l i k e l y to have parameters that can be modif ied , the most s e n s i b l e method
o f s o l u t i o n i s to have ob j e c t s that conta in both the data ou t l i n ed and
e f f e c t a lgor i thm code and that can be l i nked toge the r in many d i f f e r e n t
ways .

370

There are s t i l l two a l t e r n a t i v e s with in t h i s method . Ei ther the input
sour c e s ( sound f i l e s , f o r example ) push t h e i r data in to the system , or
outputs pu l l data from the system . The l a t t e r may po s s i b l y be be t t e r
su i t ed to rea l −time operat ion , but the former i s conceptua l l y c l o s e r to

375 the r e a l world , and may a l s o be e a s i e r to implement .

Each e f f e c t ob j e c t has th ing s in common , f o r example i t can have inputs
and outputs along which sound data passes , and i t can have parameters
that a f f e c t the way the inputs are modi f i ed to form the outputs .

380 There fore the re needs to be a c l a s s e f f e c t , a base c l a s s f o r a l l o f the
d i f f e r e n t e f f e c t s which i n co rpo r a t e s a l l o f the se f a c i l i t i e s .

As new e f f e c t c l a s s e s can be developed , the re needs to be a way o f
i d e n t i f y i n g the var i ous inputs , outputs and parameters o f d i f f e r e n t

385 e f f e c t s . Text i s s en s i b l e , as i t i s a natura l method o f communication ,
but i t i s s low to compare s t r i n g s . Therefore , t ex t should be used to
obta in a more e f f i c i e n t i d e n t i f i c a t i o n code , f o r example a smal l
i n t e g e r .

390 E f f e c t s need to be l i nked together , but each input can be connected to
only one output ( which has only one input l i nked to i t ) . There fore each
e f f e c t needs to i d e n t i f y the other e f f e c t s i t i s l i nked to in both
d i r e c t i o n s , so the i f a d i f f e r e n t e f f e c t l i n k s to i t , the o r i g i n a l can
be found to unl ink i t . A l i n k needs to pass the output from one e f f e c t

395 to another e f f e c t ’ s input , i d e n t i f i e d by the id code de s c r ibed above .

As i t i s u s e f u l to make new e f f e c t s from ex i s t i n g e f f e c t s , i nh e r i t an c e
i s an appropr ia t e mechanism . This means that c e r t a i n methods o f the
e f f e c t c l a s s must be v i r t u a l so that they can be r ed e f i n ed . The three

400 most important th ing s that an e f f e c t does i s get input , p roc e s s i t , and
send output , so a l l o f the se must be ab le to be r ed e f i n ed to a l low f o r
the add i t i on o f new inputs , outputs and parameters . The parent c l a s s ’ s
f unc t i on can be c a l l e d with in the r ed e f i n ed vers ion , a l l ow ing the
parent ’ s a t t r i b u t e s to s t i l l be pre sent .

405

Sound data i s passed through the system one sample at a time , to a l low
feedback . Some e f f e c t ob j e c t s are des ignated as sources , so f o r each
sample the proce s s method o f each o f the se i s c a l l e d in turn . The
proce s s method o f each e f f e c t ( un l e s s i t i s a s ink , having no outputs )

410 c a l l i t s output method , which c a l l s the input method o f the d e s t i n a t i on
e f f e c t . The input method checks whether a l l o f the inputs have been
f i l l e d f o r t h i s sample time , i f they have i t c a l l s the proce s s method
f o r that e f f e c t ob j e c t . In t h i s way , data pas s e s through the system
from source s to s i nk s .

415

The e f f e c t ’ s input method needs to s t o r e the input sample with in i t s
data space , as we l l as r e co rd ing that the input has been s e t t h i s
sample . To a l low f o r inhe r i t ance , the input method i s c a l l e d with the
input id and the sample . I f the id i s not r e cogn i s ed then the parent ’ s

420 input method should be c a l l e d to dea l with i t .

10
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The proce s s method takes the input samples , then mod i f i e s them and c a l l s
the output method . The proce s s method can be a complete replacement o f
the parent ’ s p roce s s method , but i t may a l s o c a l l the parent ’ s method i f

425 i t i s s imply adding some extra f u n c t i o n a l i t y .

The output method takes an id and a sample , and i f the id i s not
r e cogn i s ed then the parent method i s c a l l e d . The output method f i n d s
the corre spond ing output l ink , a l l ow ing the data to be passed to the

430 next e f f e c t .

Sink e f f e c t s have no outputs , f o r example wr i t i ng the sample data a f i l e
would not be counted as an output here because i t i s not an output to
another e f f e c t .

435

After p ro c e s s i ng the inputs need to be c l e a r ed be f o r e the next sample .
To a l low f o r feedback , however , the inputs must be c l e a r ed be f o r e the
output method i s ca l l ed , in case t h i s causes input to be g iven to the
e f f e c t in ques t i on . I t i s impos s ib l e f o r an i n f i n i t e loop to occur with

440 f eedback l i k e th i s , because an e f f e c t g e t t i n g feedback must have at
l e a s t one input not in the loop , o therw i se the loop could not be
s t a r t ed . The output can be fed back to some o f the inputs , but the
o the r s w i l l not be f i l l e d un t i l the next sample .

445 The i nd i v i dua l e f f e c t s a lgor i thms are in an appendix .

#### Ef f e c t s p ro c e s s i ng f low

‘ ‘ ‘
450 e f f e c t : : p roc e s s ( )

generate outputs , perhaps c a l l i n g super : : p roce s s ( ) , and s t o r e in data ⤦
Ç space

c a l l c l e a r i n pu t s ( ) , which c a l l s super : : c l e a r i npu t s ( )
c a l l sendoutputs ( ) , which c a l l s super : : sendoutputs ( )

c a l l output ( ) , perhaps c a l l i n g super : : output ( )
455 c a l l d e s t i n a t i on . input ( )

i f r e c o gn i s e input id
s t o r e sample data in data space
i f d e s t i n a t i on . inputready ( )

c a l l d e s t i n a t i on . p roce s s ( )
460 e l s e

c a l l d e s t i n a t i on . super : : input ( )
‘ ‘ ‘

### Command Line I n t e r f a c e
465

The command l i n e i n t e r f a c e needs to be simple , so that i t i s easy to
l e a rn how to use , yet power fu l enough to perform a l l u s e f u l ope ra t i on s .
S imp l i c i t y can be achieved through use o f s im i l a r syntax f o r d i f f e r e n t
commands .

470

There are only a few l e x i c a l elements , which are the names o f the
commands (”new” , ” d e l e t e ” , ” l i n k ” , ” s e t ” , ”run ”) , and va lue s f o r them :
i d e n t i f i e r s t r i n g s f o r e f f e c t s and c l a s s e s , i n c l ud ing ” .” to s epara t e
par t s from ob jec t s , numbers ( f l o a t i n g po int ) , and charac t e r s t r i n g s ( f o r

475 example f i l enames ) .

11



slab Docs/slab.md

The commands can be expres sed as a grammar , the re are no con t r o l
s t r u c t u r e s so there i s no r e cu r s i on to compl i cate matters .

480 The language t o o l s LEX and YACC can be used to c r e a t e e f f i c i e n t l e x i c a l
ana l y s e r s and grammar pa r s e r s from high l e v e l d e f i n i t i o n s , t h i s saves
e f f o r t and the r e s u l t i n g tab l e dr iven programs are very e f f i c i e n t .

The commands and e f f e c t c l a s s and ob j e c t names should be case
485 i n s e n s i t i v e , but case should be preserved , as some operat ing systems

have case s e n s i t i v e f i l enames .

#### Command l i n e i n t e r f a c e grammar

490 ‘ ‘ ‘
command : := new ; c r e a t e new ob j e c t

| de l e t e ; d e l e t e an ob j e c t
| l i n k ; l i n k an output to an input
| s e t ; s e t an ob j e c t parameter

495 | run ; s t a r t p ro c e s s i ng

new : := ”new” new type new name
new type : := s t r i n g ; the type o f ob j e c t to be c reated
new name : := s t r i n g ; the name to g ive the ob j e c t

500

de l e t e : := ” d e l e t e ” delete name
delete name : := s t r i n g ; the ob j e c t to be de l e t ed

l i n k : := ” l i n k ” l i n k s o u r c e l i n k ou t l i n k d e s t l i n k i n
505 l i n k s o u r c e : := s t r i n g ; the source ob j e c t

l i n k ou t : := ” .” s t r i n g ; a named output
| . ; the main output

l i n k d e s t : := s t r i n g ; the d e s t i n a t i on ob j e c t
l i n k i n : := ” .” s t r i n g ; a named input

510 | . ; the main input

s e t : := ” s e t ” set name set param s e t v a l u e
set name : := s t r i n g ; the ob j e c t
set param : := ” .” s t r i n g ; parameter name

515 s e t v a l u e : := number ; a number
| s t r i n g ” .” s t r i n g ; an ob j e c t with part s p e c i f i e r
| ” ’” chars ” ’” ; a cha rac t e r s t r i n g

run : := ”run”
520 ‘ ‘ ‘

### Kernel

The ke rne l has to l i n k the command l i n e i n t e r f a c e to the e f f e c t s . The
525 command l i n e i n t e r f a c e c a l l s k e rne l f un c t i on s cor re spond ing to the

commands , with va lue s converted to t h e i r c o r r e c t form ( f o r example ,
numbers converted to f l o a t va lue s ) . The ke rne l f i n d s the c l a s s e s and
e f f e c t ob j e c t s cor re spond ing to the t ex tua l i d e n t i f i e r s , and c a l l s the
ob j e c t methods that perform the command .

530

This s epa ra t i on o f command l i n e i n t e r f a c e and ke rne l a l l ows e r r o r
check ing to be s imp l i f i e d g r e a t l y . The command l i n e i n t e r f a c e has to
dea l with user input , which may be i n c o r r e c t . However , the ke rne l has

12
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only c o r r e c t data to dea l with , so e r r o r check ing i s redundant and can
535 be removed when the system has been thoroughly t e s t ed . This i s

e s p e c i a l l y important f o r the e f f e c t s p ro c e s s i ng s ec t i on , because code
here i s executed very f r e qu en t l y .

#### Pseudo−code f o r ke rne l
540

Note that as some o f the commands are the same as C++ keywords , the
ac tua l name o f the cor re spond ing func t i on s must be d i f f e r e n t in the
implementation ( f o r example , use new ( ) in s t ead o f new ( ) ) .

545 ‘ ‘ ‘
k e rne l : : new( s t r i n g type , s t r i n g name)

f i nd node o f type in c l a s s l i s t
i f node not found then er ror , no such e f f e c t type
i f f i nd node o f name in e f f e c t l i s t then er ror , a l r eady e x i s t s

550 c a l l node : : new( e f f e c t l i s t , name)
c r ea t e a new e f f e c t ob j e c t
c r e a t e a new e f f e c t node
l i n k the e f f e c t node in to the e f f e c t l i s t

555 ke rne l : : d e l e t e ( s t r i n g name)
f i nd node o f name in e f f e c t l i s t
i f node not found then er ror , no such e f f e c t
d e l e t e e f f e c t node

remove node from l i s t
560 de l e t e e f f e c t ob j e c t

remove e f f e c t from proc e s s i ng network
f r e e s r e source s , c l o s e f i l e s and so on

ke rne l : : l i n k ( s t r i n g sname , s t r i n g soutput , s t r i n g dname , s t r i n g dinput )
f i nd node o f sname in e f f e c t l i s t

565 i f node not found then er ror , no such e f f e c t
f i nd node o f dname in e f f e c t l i s t
i f node not found then er ror , no such e f f e c t
f i nd id o f soutput
i f output not found then er ror , no such output

570 f i nd id o f dinput
i f input not found then er ror , no such input
c r e a t e a new l i n k ob j e c t conta in ing the ob j e c t s and id s
s e t sname ’ s soutput to the l i n k ob j e c t

d e l e t e e x i s t i n g l i n k from the source
575 s e t dname ’ s dinput to the l i n k ob j e c t

d e l e t e e x i s t i n g l i n k to the d e s t i n a t i on

ke rne l : : s e t ( s t r i n g name , s t r i n g param , value va l )
f i nd node o f name in e f f e c t l i s t

580 i f node not found then er ror , no such e f f e c t
f i nd id o f parameter
i f parameter not found then er ror , no such parameter
s e t parameter

r e c a l c u l a t e a f f e c t e d v a r i a b l e s in e f f e c t ob j e c t
585

ke rne l : : run ( )
whi l e the re i s data l e f t to p roce s s

f o r a l l nodes in e f f e c t l i s t
i f node i s an input e f f e c t

590 c a l l p roce s s ( ) o f e f f e c t

13



slab Docs/slab.md

‘ ‘ ‘

### Ef f e c t Class Hierarchy

595 I nhe r i t anc e l e ad s to a h i e ra r chy o f d i f f e r e n t e f f e c t c l a s s e s , each o f
which i s u l t imat e l y der ived from the e f f e c t base c l a s s .

‘ ‘ ‘
e f f e c t ; base c l a s s

600 +−− in0out1 ; e f f e c t s having only one output , ”main”
| +−− r e a d f i l e ; read from a f i l e
| | +−− read 8SVX
| | +−− read WAV
| | \−− . . .

605 | +−− constant ; constant output , but s e t by parameter
| +−− o s c i l l a t o r ; generate a waveform , with parameters l i k e ” f requency ”
| | +−− o s c s i n e
| | \−− . . .
| \−− . . .

610 +−− in1out0 ; e f f e c t s having only one input , ”main”
| +−− w r i t e f i l e ; wr i t e to a f i l e
| | +−− write 8SVX
| | +−− write WAV
| | \−− . . .

615 | +−− toparam ; s e t s a parameter o f an ob j e c t when the input data changes
| \−− . . .
+−− in1out1 ; e f f e c t s having one input and one output , both ”main”
| +−− f eedback ; i n i t i a l i s e s a feedback loop
| +−− delay ; de lays the input by a c e r t a i n time

620 | \−− . . .
+−− i n0out s ;
+−− i n sout0 ;
+−− i n s ou t s ; s t e r e o ve r s i ons , with ” l e f t ” and ” r i gh t ” in s t ead o f ”main”
\−− . . .

625 ‘ ‘ ‘

## Implementation

### Development
630

#### Ut i l i t y Functions

Seve ra l low− l e v e l data types are needed by the implementation .

635 L i s t s are needed to s t o r e the var i ous e f f e c t ob j e c t s and c l a s s e s .
Doubly l i nked l i s t s can be manipulated e a s i l y , only a few func t i on s are
needed ( addnode , removenode , f indnode ) .

C i r cu l a r bu f f e r s are needed by many e f f e c t s , to s t o r e prev ious input
640 samples . A c i r c u l a r c o n s i s t s o f an array with two po inte r s , one f o r

wr i t i ng and one f o r read ing . These are incremented s imultaneous ly ,
mainta in ing a constant o f f s e t between them . This a l l ows a c e r t a i n
amount o f prev ious data to be stored , without having to copy the e n t i r e
bu f f e r each time .

645

Changing the l ength during use should change the read po inter , f o r two
reasons . F i r s t l y , i t i s b e t t e r to have a ”jump” in data now ,

14



slab Docs/slab.md

pred i c tab ly , r a the r than at some po int in the fu tu r e . Secondly , i t i s
d e s i r a b l e that any length , not j u s t i n t e g e r s , can be used , us ing l i n e a r

650 i n t e r p o l a t i o n . The wr i t e po in t e r must be an i n t e g e r to be ab le to wr i t e
in to a c e r t a i n array element , so changing t h i s would l im i t l ength
changes to i n t e g e r s t ep s .

#### History
655

During the summer , be f o r e f i n a l l y dec id ing on t h i s p ro j e c t , I c r ea ted a
s imple system f o r p ro c e s s i ng sounds , us ing QBasic . This system had
seve r e l im i t s on the s i z e o f f i l e s i t could process , but i t a l lowed
e f f e c t s a lgor i thms to be t e s t ed . The system showed that i t was f e a s i b l e

660 to develop a sound pro c e s s i ng app l i c a t i o n .

− 1999 .01 . 04 Implemented and t e s t ed c l a s s c i r c u l a r b u f f e r .
− 1999 .01 . 05 Started implementing c l a s s e f f e c t .
− 1999 .01 . 09 Joined a l l s ou r c e s and headers in to one l a r g e source f i l e

665 because I couldn ’ t make Acorn C++ understand mul t ip l e f i l e s proper ly .
− 1999 .01 . 12 Compiles without e r r o r only when removing const and

i n i t i a l i s e r from c l a s s member cons tant s .
− 1999 .01 . 14 Joined with LEDA vecto r and matrix c l a s s e s .
− 1999 .01 . 25 Tried to use LEX and YACC, but generated source would not

670 compi le . Started on s t a t e t ab l e s f o r c l a s s c l i , t ab l e i s cu r r en t l y
g l oba l .

− 1999 .02 . 25 Implemented c l a s s c l a s s l i s t and c l a s s c l a s snode .
− 1999 .02 . 25 Implemented c l a s s e f f e c t l i s t and c l a s s e f f e c t n od e .
− 1999 .02 . 25 Sp l i t f i l e i n to many sourc e s in preparat i on f o r us ing

675 Make .
− 1999 .02 . 26 Su c c e s s f u l l y made p r o j e c t . Had to ed i t make f i l e by hand

to get i t to l i n k with the l i b r a r y f i l e s , the l i n k opt ions menu f a i l e d
as couldn ’ t wr i t e opt ions .

− 1999 .03 . 04 Only compi les i f c l a s snode : : c l i n ew ( ) i s not pure v i r t ua l ,
680 even though i t i s never c a l l e d .

− 1999 .03 . 07 Implemented c l a s s e f f e c t i n 1ou t 1 , c l a s s fx copy . Decided
on naming scheme f o r c l a s s e s : audio e f f e c t c l a s s e s are fx <e f f e c t >,
c l a s s nodes are cn <e f f e c t >.

− 1999 .03 . 08 For some reason Make doesn ’ t work i n t e r a c t i v e l y any more ,
685 have to add new f i l e s manually .

− 1999 .03 . 12 Attempts to read a s t r i n g from c in f a i l e d , which meant
that the command l i n e i n t e r f a c e would be impos s ib l e .

− 1999 .03 . 15 Abandoned Acorn C++.

690 At t h i s po int I dec ided to use the programming language E on the Amiga
computer , which I had s u c c e s f u l l y used f o r some other app l i c a t i o n s . I
cons ide r ed us ing BOOPSI ( Bas ic Object Oriented Programming System f o r
I n t u i t i o n ) , however the advantages conveyed by us ing t h i s ( c l a s s e s
shared between app l i c a t i on s , new c l a s s e s can be c rea ted at run time )

695 were outweighed by the d i sadvantages ( one func t i on has to dea l with a l l
methods ) , so I dec ided to use the i n b u i l t f e a t u r e s o f E .

− 1999 .03 . 16 Implemented e f f e c t base c l a s s and l i n k i n g r ou t i n e s .
− 1999 .03 . 17 Implemented in te rmed ia t e l e v e l e f f e c t c l a s s e s to handle

700 inputs and outputs .
− 1999 .03 . 18 Implemented some ba s i c e f f e c t c l a s s e s to t e s t the l i n k i n g :

constant , copy , p r i n t .
− 1999 .03 . 20 Implemented kerne l , the system can now l i n k e f f e c t s

toge the r and pass sample data from one e f f e c t to another ( cu r r en t l y

15
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705 run ( ) only runs f o r a c e r t a i n amount o f time ) .
− 1999 .03 . 21 Implemented command l i n e i n t e r f a c e , us ing ReadArgs ( ) means

grammar i s changed ( uses ” ” to separa t e ob j e c t s and par t s i n s t ead o f
” . ” ) .

− 1999 .03 . 24 Implemented command l i n e command ” s e t ” .
710

The use o f sample data to con t r o l parameters i s implemented awkwardly .
I r e a l i s e d that i t depended on what order the e f f e c t ob j e c t s were
created , whether parameters would be s e t be f o r e or a f t e r the sample at
that p a r t i c u l a r time i n t e r v a l was proce s sed by the c on t r o l l e d e f f e c t .

715 A f i x was added to ensure the s e t t i n g o f parameters was always a f t e r
proce s s ing , as in order to ensure i t i s b e f o r e p ro c e s s i ng every e f f e c t
ob j e c t would have to have a p r i o r i t y , and the whole sample rout ing
s t r a t e gy would have to be changed .

720 ### Test ing

The three s e c t i o n s o f the system need to be t e s t ed in d i f f e r e n t ways .

#### Command Line I n t e r f a c e
725

The command l i n e i n t e r f a c e has to dea l with user input , which may be
i n c o r r e c t . There fore the command l i n e i n t e r f a c e needs to be t e s t ed
thoroughly , to ensure that i n c o r r e c t data i s not passed to the other
par t s o f the system .

730

Each command needs to be tes ted , with and without va l i d arguments .
Random input should a l s o be tes ted , to make sure that the i n t e r f a c e i s
r e s i l i e n t . The t e s t s should provoke every e r r o r re sponse .

735 Once the i n t e r f a c e has been t e s t ed f o r r e s i l i e n c e , i t needs to be t e s t ed
f o r ease o f use and f u n c t i o n a l i t y .

#### Kernel

740 The ke rne l i s always g iven data in the c o r r e c t format , so method o f
t e s t i n g i s d i f f e r e n t to the command l i n e i n t e r f a c e . Here the t e s t i n g
c o n s i s t s o f v e r i f y i n g that the ke rne l f un c t i on s as i t i s supposed to .
This can be done by check ing that the r e s u l t o f each operat i on i s
c o r r e c t . Compiler macros can be used to remove t h i s ext ra t e s t i n g code

745 from the f i n a l program , as i t i s not nece s sa ry a f t e r t e s t i n g .

The common f e a t u r e s o f a l l o f the e f f e c t c l a s s e s can be t e s t ed together ,
such as l i n k i n g toge the r and t r a n s f e r r i n g sample data , as the c l a s s e s
are l a r g e l y s im i l a r . However , many o f the f unc t i on s implemented in each

750 c l a s s are so smal l that they can be e a s i l y v e r i f i e d to be c o r r e c t
without i n s e r t i n g s p e c i a l t e s t i n g code .

#### Ef f e c t s Proce s s ing

755 The e f f e c t s p ro c e s s i ng c l a s s e s need to be t e s t ed with r e a l input , so the
qua l i t y o f the r e s u l t s can be judged . Test ing o f the code i s only
nece s sa ry f o r the more compl icated e f f e c t s c l a s s e s , l i k e the z−plane
f i l t e r s . The speed o f p ro c e s s i ng needs to be tes ted , both f o r s imple
and compl icated e f f e c t s .

760

## Evaluat ion

16



slab Docs/slab.md

The system performs as s p e c i f i e d , except f o r a few minor d e t a i l s .

765 C++ was ind i c a t ed as the language f o r implementation , but C++ i s a
s t r ong l y typed language , and there were too many problems in t ry ing to
implement the dynamic l i n k i n g r equ i r ed by the system . This l ed me to
abandon i t , and use E, a programming language s im i l a r to Pascal , but
with ob j e c t o r i en t ed f e a t u r e s . Current ly E i s only implemented f o r the

770 Amiga range o f computers , so por t ing the system to other p la t fo rms would
be d i f f i c u l t .

The command l i n e i n t e r f a c e r equ i r ed some changes . To enable the use o f
the operat ing system func t i on ReadArgs ( ) , which prov ides power fu l

775 command l i n e argument par s ing support , the use o f ” . ” to s epara t e e f f e c t
ob j e c t names and t h e i r inputs , outputs and parameters was dropped .

Commands ( f o r example l i s t ) were added to the command l i n e i n t e r f a c e , to
make us ing the system e a s i e r . These are documented in the user guide .

780 The a b i l i t y to s e t g l oba l parameters ( such as how many samples to
p roce s s ) was needed , so t h i s was inco rpora ted in to the s e t command .

The system i s power fu l enough to do j u s t about any sound proce s s ing , but
the command l i n e i n t e r f a c e can be awkward to use . The main problem i s

785 in keeping t rack o f which e f f e c t ob j e c t s have been created and what
l i n k s the re are between them , and the only way to show th i s i s a
g raph i c a l i n t e r f a c e , which was ru l ed out as being too complex to
implement .

790 ### Further Enhancements

As ind i c a t ed above , a g r aph i c a l i n t e r f a c e would i n c r e a s e the ease o f use
o f the system . Bars and Pipes , cons ide r ed in the ana l y s i s s e c t i on , has
a g raph i c a l i n t e r f a c e , but t h i s can be awkward because the ” pipe t o o l s ”

795 are p laced in r i g i d l i n e s . Free placement o f e f f e c t s i s e s s e n t i a l . A
va r i e t y o f methods are appropr ia t e f o r the var i ous commands , f o r example
”new” could a l low the user to s e l e c t the type from a popup menu ,
parameters could be s e t in a window opened by double− c l i c k i n g on the
e f f e c t object ’ s icon , and the e f f e c t ob j e c t s could be l i nked by dragging

800 with the mouse held down from a reg i on o f one e f f e c t ’ s i con to a reg i on
o f another , r ep r e s en t i ng the inputs and outputs .

The system could be a l t e r e d i n t e r n a l l y to cope t r an spa r en t l y with
mult ichanne l sample data . At pre sent each s t e r e o e f f e c t has to have i t s

805 l e f t and r i gh t connec t ions l i nked separa te ly , which i s inconven i ent .

I f s u f f i c i e n t l y f a s t computer hardware i s ava i l ab l e , new e f f e c t types
could permit r ea l −time p ro c e s s i ng o f ex t e rna l input . This would r e qu i r e
s p e c i f i c d r i v e r s f o r d i f f e r e n t computer opera t ing systems , and there

810 would have to be a way o f check ing that the computer was f a s t enough to
cope with the input , because otherwi s e i t may not generate the output
samples be f o r e the next input a r r i v e s . E f f e c t s could be added to
u t i l i s e ext ra hardware such as s i g n a l p r o c e s s i ng ch ips on sound cards .

815 More e f f e c t c l a s s e s can be added e a s i l y to the system , but at pre sent
they are part o f the main program . A plug in system , whereby new e f f e c t s
can be added without recompi la t ion , would a l low use r s and other
deve l ope r s to c r e a t e t h e i r own e f f e c t s . I t i s f e a s i b l e that the system
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could become a smal l part o f a l a r g e music composit ion , e d i t i n g and
820 r e co rd ing app l i c a t i on .

More compl icated e f f e c t s can be bu i l t from ex i s t i n g s imple ones , to the
extent that an e n t i r e s yn th e s i z e r could be s imulated with in the
computer , b u i l t from var i ous o s c i l l a t o r s , enve lopes and f i l t e r s .

825

## User guide

### System requi rements

830 The app l i c a t i o n r e qu i r e s AmigaOS v2 .04 or g r e a t e r .

### I n s t a l l a t i o n

To i n s t a l l the app l i c a t i on , double c l i c k on the i n s t a l l i con . The
835 i n s t a l l e r asks you in which d i r e c t o r y you want to i n s t a l l the

app l i c a t i on , and then cop i e s a l l nece s sa ry f i l e s to that l o c a t i o n .

### Using the app l i c a t i o n

840 To s t a r t the app l i c a t i on , double c l i c k on the app l i c a t i on i con . A
conso l e window opens , in which you g ive commands . To e x i t the
app l i c a t i on , c l i c k the c l o s e gadget o f the window with the mouse , or
hold the con t r o l key and type ”\” .

845 The app l i c a t i o n i s cente red around e f f e c t s ob j ec t s , a concept s im i l a r to
the d i f f e r e n t e f f e c t s un i t s found in an ord inary music s tud io . The
commands c r e a t e and manipulate e f f e c t ob j e c t s . To proce s s sounds , you
c r ea t e e f f e c t ob j e c t s to read the sound from disk , p roce s s the sound ,
and wr i t e the new sound to d i sk . Then you i n s t r u c t the app l i c a t i o n to

850 perform the p ro c e s s i ng .

### Command r e f e r e n c e

This s e c t i o n d e s c r i b e s a l l o f the commands a v a i l a b l e .
855

‘ new e f f e c t t y p e name ‘

Create a new e f f e c t ob j e c t o f type e f f e c t t y p e . Al l the e f f e c t ob j e c t s
you c r ea t e have to be given a name , so that you can r e f e r to them l a t e r .

860 The new e f f e c t ob j e c t i s i n i t i a l i s e d with d e f au l t s e t t i n g s depending on
the type .

You w i l l be shown an e r r o r message i f the re i s no e f f e c t type with the
e f f e c t t y p e you s p e c i f i e d , or i f the re i s a l r eady an e f f e c t ob j e c t with

865 the name you s p e c i f i e d ( you can ’ t have more than one e f f e c t ob j e c t with
the same name) .

For an overview o f which e f f e c t types are a v a i l a b l e s ee the e f f e c t
r e f e r e n c e .

870

‘ d e l e t e name ‘

Delete an e f f e c t ob j e c t you have c reated e a r l i e r . You use t h i s command
when you no longe r need an e f f e c t object , and want to get r i d o f i t to

875 f r e e up the memory i t r e qu i r e s .

18
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You w i l l be shown an e r r o r message i f the re i s no e f f e c t ob j e c t with the
name you s p e c i f i e d .

880 ‘ l i n k source . output d e s t i n a t i on . input ‘

Link an output o f one e f f e c t ob j e c t to an input o f another . You use
t h i s command l i k e you would connect cab l e s between d i f f e r e n t e f f e c t
un i t s in a music studio , only here you don ’ t have to s c r abb l e behind

885 racks o f equipment .

You w i l l be shown an e r r o r message i f the source or d e s t i n a t i on e f f e c t
ob j e c t s do not ex i s t , or i f the re i s no output or input with the name
you gave in the source or d e s t i n a t i on ob j e c t .

890

To f i nd out which inputs and outputs the d i f f e r e n t e f f e c t types have see
the e f f e c t r e f e r e n c e .

Some l i n k i n g can cause problems . For example , you can ’ t l i n k an output
895 o f an e f f e c t ob j e c t to one o f i t s inputs , even v ia other e f f e c t ob j e c t s .

This i s because an e f f e c t ob j e c t needs to know a l l o f i t s inputs to
generate the output , but as i t needs i t s output as an input i t g e t s
stuck be f o r e i t can get s t a r t ed .

900 Feedback ( having output loop back as an input ) can be very use fu l , so a
s p e c i a l e f f e c t ob j e c t type c a l l e d ” feedback ” i s a v a i l a b l e . Simply
c r ea t e a new feedback ob j e c t and l i n k i t i n to the feedback loop at some
point . Usual ly the best p lace to put i t i s j u s t be f o r e the feedback i s
returned to the f i r s t e f f e c t ob j e c t in the loop .

905

‘ s e t name . parameter value ‘

Set a parameter o f an e f f e c t ob j e c t . Many e f f e c t ob j e c t s have
parameters you can change to change the sound o f the e f f e c t . For

910 example , the ”decay” parameter o f an echo ob j e c t would change the how
qu i ck ly the echoes d i e away . D i f f e r e n t parameters take d i f f e r e n t
va lue s . Most need you to type in a number , but some r equ i r e s p e c i a l
keywords , and some r equ i r e a cha rac t e r s t r i n g ( f o r example a f i l ename ,
l i k e ”MySounds : Voices /BigChoir . 8 svx ” , i n c l ud ing quotes (” ) ) .

915

Numbers should be entered normally . You can ente r both i n t e g e r s ( whole
numbers l i k e 5 or −7) and r e a l numbers ( l i k e 3 . 5 or − .01) . For very
l a r g e or smal l numbers you can use standard form ( a l s o c a l l e d s c i e n t i f i c
notat ion ) , in which the l e t t e r ”e” ( or ”E”) r ep r e s en t s ”mul t ip ly ing by

920 ten to the power o f ” , f o r example −1e3 i s equal to −1000 , and 3 .5 e−4 i s
equal to 0 . 00035 .

You w i l l be shown an e r r o r message i f the re i s no e f f e c t ob j e c t with the
name you gave , or that e f f e c t ob j e c t doesn ’ t have the parameter you

925 s p e c i f i e d , or you gave a value that wasn ’ t o f the c o r r e c t type .

To f i nd out which parameters the d i f f e r e n t e f f e c t types have see the
e f f e c t r e f e r e n c e .

930 ‘ run ‘

Process sounds through the network o f e f f e c t ob j e c t s you have s e t up .
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The pro c e s s i ng s tops when there i s no more input from source s ( l i k e
read ing sound data from di sk ) and a l l o f the outputs ( l i k e wr i t i ng sound

935 data to d i sk ) have become qu i e t ( so that the ” t a i l s ” o f echoes are not
cut o f f too qu i ck ly ) .
You w i l l be shown an e r r o r message i f the e f f e c t ob j e c t s are l i nked
toge the r i n c o r r e c t l y , f o r example i f the re i s a feedback loop without a
feedback e f f e c t ob j e c t in i t , or i f the re are some inputs or outputs

940 that are not connected to anything . Other th ing s that can go wrong
inc lude not being ab le to open sound f i l e s to read from ( f o r example the
f i l e doesn ’ t e x i s t ) or wr i t e to ( f o r example the d i sk i s wr i t e
protec ted ) .

945 #### Comments

You can add comments to the command you are typing in , so that you can
remember what what you have done i s f o r more e a s i l y . There are two
types o f comment . I f you type ”//” ( without ””) everyth ing un t i l the

950 end o f the l i n e i s ignored by the app l i c a t i on . For l onge r comments ,
anything between ”/∗” and ”∗/” ( without ””) i s ignored . You can ” nest ”
l a y e r s o f these , so ”/∗ my /∗ nested ∗/ comment ∗/” i s al lowed , but
the re must be an equal number o f ”/∗” and ”∗/” , o therw i se you w i l l be
to ld about the e r r o r .

955

### Ef f e c t r e f e r e n c e

This s e c t i o n d e s c r i b e s a l l o f the e f f e c t s a v a i l a b l e .

960 #### add

The output i s the sum of a l l the inputs .

##### Inputs
965

in1
in2
. . . up to the inputs parameter

970 ##### Outputs

main

##### Parameters
975

inputs the number o f inputs to add toge the r

#### bandpass

980 A band pass f i l t e r e f f e c t , that a l l ows f r e qu en c i e s with in a c e r t a i n
range to pass and b locks those out s id e the band .

##### Inputs

985 main

##### Outputs

main
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990

##### Parameters

l owf req low cu t o f f f r equency in Hertz ( d e f a u l t s to 250)

995 h i gh f r eq high c u t o f f f r equency in Hertz ( d e f a u l t s to 2000)

#### bandre j ec t

A band r e j e c t f i l t e r e f f e c t , that b locks f r e qu en c i e s with in a c e r t a i n
1000 range and a l l ows those out s id e the band to pass .

##### Inputs

main
1005

##### Outputs

main

1010 ##### Parameters

l owf req low cu t o f f f r equency in Hertz ( d e f a u l t s to 250)

h i gh f r eq high c u t o f f f r equency in Hertz ( d e f a u l t s to 2000)
1015

#### compand

This i s a dynamic range compress ion and expansion e f f e c t . I f the
c on t r o l input i s above the th r e sho ld l e v e l , then the output i s a s c a l ed

1020 accord ing to the r a t i o . I f the r a t i o i s l e s s than one , d i f f e r e n c e s
between ampl itudes are reduced ( the s i g n a l i s ∗comp∗ r e s s ed ) . I f the
r a t i o i s g r e a t e r then 1 , then d i f f e r e n c e s in l e v e l are exagerated ( the
s i g n a l i s exp∗and∗ed ) .

1025 The time parameter c on t r o l s the l e v e l d e t e c t i on . I f the time i s too
shor t then low frequency s i g n a l s can cause ”pumping ” . A long time can
r e s u l t in rap id changes in l e v e l not being a f f e c t e d .

##### Inputs
1030

main the s i g n a l to be manipulated

s i d e cha in the con t r o l s i gna l , i f t h i s i s not l i nked then the main input
i s used to modify i t s e l f

1035

##### Outputs

main

1040 ##### Parameters

time the time over which to c a l c u l a t e the average l e v e l , in seconds
( d e f a u l t s to 0 . 05 )

1045 th r e sho ld the c u t o f f l e v e l ( d e f a u l t s to 0 . 5 )
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r a t i o the compress ion r a t i o ( d e f a u l t s to 1)

#### delay
1050

The output i s the input delayed by the de lay time . The output i s ze ro
un t i l the de lay time has passed . Changing the de lay time by l a r g e
amounts during p ro c e s s i ng can r e s u l t in ” g l i t c h e s ” , the output jumping s
uddenly from one value to another . Slow changes can r e s u l t in the p i t ch

1055 being a l t e r ed , as the output pas s e s more qu i ck ly or more s l ow ly than the
input .

##### Inputs

1060 main

##### Outputs

main
1065

##### Parameters

de lay the de lay time in seconds ( d e f a u l t s to 0 . 1 )

1070 #### echo

An echo e f f e c t . Each echo i s qu i e t e r by the decay f a c t o r ( which should
be l e s s than 1) , and they are separated by the de lay time .

1075 ##### Inputs

main

##### Outputs
1080

main

##### Parameters

1085 decay how much qu i e t e r s u c c e s i v e echoes are ( d e f a u l t s to 0 . 5 )

de lay the time between echoes in seconds ( d e f a u l t s to 0 . 25 )

#### envfo l l ow
1090

The output i s the volume enve lope ( average s i g n a l l e v e l ) o f the input .
This can be used to con t r o l e f f e c t s accord ing to the s i g n a l l e v e l .

The time parameter c on t r o l s the l e v e l d e t e c t i on . I f the time i s too
1095 shor t then the output w i l l conta in low f r e qu en c i e s from the input . A

long time can r e s u l t in sudden changes not being f o l l owed .

The output enve lope i s de layed by ha l f o f the time parameter , r e l a t i v e
to the input sound .

1100

##### Inputs

main
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1105 ##### Outputs

main

##### Parameters
1110

time the time over which to c a l c u l a t e the average l e v e l , in seconds
( d e f a u l t s to 0 . 05 )

#### fbde lay
1115

This e f f e c t should be used in s t ead o f one de lay in a feedback loop .
See de lay and feedback .

##### Inputs
1120

main

##### Outputs

1125 main

##### Parameters

de lay the de lay time in seconds ( d e f a u l t s to 0 . 1 )
1130

#### feedback

A feedback e f f e c t must be pre sent in any feedback loop . The output i s
the same as the input , de layed by one sampling per iod ( the s ho r t e s t

1135 po s s i b l e time ) . For accurate de lay times , the e f f e c t fbde lay should be
used in p lace o f one de lay in the feedback loop .

##### Inputs

1140 main

##### Outputs

main
1145

##### Parameters

n/a

1150 #### gate

I f the average s i d e cha in input l e v e l i s below the th r e sho ld parameter
then the output i s s c a l ed to zero , o the rwi se the output i s the main
input . Gating i s u s e f u l f o r removing background no i s e during gaps in

1155 the main s i g n a l .

The time parameter c on t r o l s the l e v e l d e t e c t i on . I f the time i s too
shor t then low frequency s i g n a l s can cause the gate to open and c l o s e in
time , r e s u l t i n g in ”pumping ” . A long time can r e s u l t in shor t qu i e t

1160 s e c t i o n s not being masked .
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The output i s de layed by ha l f o f the time parameter , r e l a t i v e to the
input .

1165 ##### Inputs

main the s i g n a l to be manipulated

s i d e cha in the con t r o l s i gna l , i f t h i s i s not l i nked then the main input
1170 i s used as the con t r o l

##### Outputs

main
1175

##### Parameters

time the time over which to c a l c u l a t e the average l e v e l , in seconds
( d e f a u l t s to 0 . 05 )

1180

th r e sho ld the c u t o f f l e v e l ( d e f a u l t s to 0 . 5 )

#### h a l f r e c t i f y

1185 This i s a ha l f −wave r e c t i f i e r e f f e c t . When the input i s po s i t i v e , the
output i s the same as the input , o the rw i s e the output i s zero , so the
par t s o f the waveform below the ax i s are ” cut o f f ” . This l e ad s to an
i n c r e a s e in f r e qu en c i e s one octave above the fundamental , a lthough the
r e s u l t s are not as pronounced as f u l l r e c t i f i c a t i o n ( see r e c t i f y ) .

1190

##### Inputs

main

1195 ##### Outputs

main

##### Parameters
1200

n/a

#### highpass

1205 A high pass f i l t e r e f f e c t , that a l l ows high f r e qu en c i e s to pass but
b locks low f r e qu en c i e s . The f r e q parameter i n d i c a t e s the c u t o f f
f requency , below which lower f r e qu en c i e s are reduced .

##### Inputs
1210

main

##### Outputs

1215 main

##### Parameters
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f r e q c u t o f f f requency in Hertz ( d e f a u l t s to 2000)
1220

#### inve r t

The output i s the input inverted , so peaks in the waveform become
troughs and v i c e ver sa .

1225

##### Inputs

main

1230 ##### Outputs

main

##### Parameters
1235

n/a

#### l im i t

1240 I f the average l e v e l i s above the thresho ld , the amplitude i s s c a l ed
down to the th r e sho ld l e v e l ( s im i l a r to a compressor ( s ee compand) , but
more s eve r e ) .

The time parameter c on t r o l s the l e v e l d e t e c t i on . I f the time i s too
1245 shor t then low frequency s i g n a l s can cause ”pumping ” . A long time can

r e s u l t in sudden loud s e c t i o n s not being reduced in l e v e l .

The purpose o f a l im i t e r in music r e co rd ing i s to prevent the s i g n a l
from exceed ing a c e r t a i n l e v e l , so that the r e co rd ing dev i ce doesn ’ t

1250 over load and d i s t o r t . See the var i ous wr i t e e f f e c t s f o r d e t a i l s .

The output i s de layed by ha l f o f the time parameter , r e l a t i v e to the
input .

1255 ##### Inputs

main

##### Outputs
1260

main

##### Parameters

1265 time the time over which to c a l c u l a t e the average l e v e l , in seconds
( d e f a u l t s to 0 . 05 )

th r e sho ld the maximum l e v e l ( d e f a u l t s to 1)

1270 #### lowpass

A low pass f i l t e r e f f e c t , that a l l ows low f r e qu en c i e s to pass but b locks
h igher f r e qu en c i e s . The f r e q parameter i n d i c a t e s the c u t o f f f requency ,
above which h igher f r e qu en c i e s are reduced .
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1275

##### Inputs

main

1280 ##### Outputs

main

##### Parameters
1285

f r e q c u t o f f f requency in Hertz ( d e f a u l t s to 250)

#### mul

1290 The output i s a l l o f the inputs mu l t i p l i e d toge the r . This can be used
to change the volume o f sounds ( i f one input i s s l ow ly vary ing ) or add
new f r e qu en c i e s ( f o r sounds o f s im i l a r p i t ch ) .

##### Inputs
1295

in1
in2
. . . up to the inputs parameter

1300 ##### Outputs

main

##### Parameters
1305

inputs the number o f inputs to mult ip ly toge the r

#### p i t c h s h i f t

1310 A pi tch s h i f t e r changes the p i t ch o f a sound without changing the speed .
The r a t i o parameter s e t s how much to change the p i t ch by ( f o r example 2
w i l l r a i s e the p i t ch by one octave ) . The f r e q parameter c on t r o l s the
f requency at which the sound i s repeated , the e f f e c t works by reco rd ing
shor t s e c t i o n s and repea t ing them more qu i ck ly or more s l ow ly . For best

1315 r e s u l t s , when p i t ch ing up the f r e q parameter should be c l o s e to the
fundamental f requency o f the sound , but lower when p i t ch ing down .

##### Inputs

1320 main

##### Outputs

main
1325

##### Parameters

r a t i o the p i t ch change f a c t o r ( d e f a u l t s to 1)

1330 f r e q the s h i f t i n g f requency in Hertz ( d e f a u l t s to 256)
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#### reads lab , read8svx , readwav

Reads the output from a sample f i l e o f format SLab , IFF 8SVX, or RIFF
1335 WAVE ( r e s p e c t i v e l y ) . The output has a maximum amplitude o f 1 f o r each

type other than SLab ’ s own , which may conta in any value .

By de f au l t SLab f i l e s are normal i sed when they are read in . This means
that the sound i s s c a l ed so that the maximum amplitude i s 1 , which i s

1340 what i s wanted f o r normal sounds , but probably not f o r c on t r o l s i gna l s ,
f o r which norma l i s a t i on may be turned o f f .

##### Inputs

1345 n/a

##### Outputs

main
1350

##### Parameters

f i l e the f i l e to read from

1355 normal i se (SLab format only ) s e t to ” yes ” or ”no” ( d e f a u l t s to ” yes ”)

#### r e c t i f y

This i s a f u l l −wave r e c t i f i e r e f f e c t . The output i s the abso lu t e va lue
1360 o f the input , so par t s o f the waveform below the ax i s are f o l d ed over .

This l e ad s to an i n c r e a s e in f r e qu en c i e s one octave above the
fundamental .

##### Inputs
1365

main

##### Outputs

1370 main

##### Parameters

n/a
1375

#### reve r s e

This e f f e c t r e v e r s e s sound in time . This e f f e c t has to s t o r e the sound
coming in be f o r e i t can play i t backwards , so the time parameter

1380 i n d i c a t e s how much to s t o r e . The f i r s t output i s a f t e r the time
parameter , a f t e r which the f i r s t part o f the input i s output in reve r s e ,
f o l l owed by l a t e r s e c t i o n s in r e v e r s e .

To r ev e r s e an e n t i r e sound , s imply s e t the time to l onge r than the
1385 sound . I n t e r e s t i n g e f f e c t s can be obta ined us ing very shor t t imes ( f o r

example , 0 . 002 )

##### Inputs
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1390 main

##### Outputs

main
1395

##### Parameters

time the r ev e r s e time in seconds ( d e f a u l t s to 0 . 25 )

1400 #### s p l i t

The input i s sent una l t e r ed to a l l the outputs . This i s o f t en used to
combine e f f e c t s in p a r a l l e l .

1405 ##### Inputs

main

##### Outputs
1410

out1
out2
. . . up to the outputs parameter

1415 ##### Parameters

outputs the number o f outputs to send to

#### vox
1420

This e f f e c t absorbs a l l o f the input , not pas s ing i t on , u n t i l i t r i s e s
above the th r e sho ld . After that , the output i s equal to the input .
This i s u s e f u l f o r prevent ing output f i l e s s t a r t i n g with a per iod o f
s i l e n c e .

1425

##### Warning

As t h i s e f f e c t doesn ’ t send input f o r a time , i t should be used with
caut ion . Unpred ictab le r e s u l t s w i l l occur i f the output o f one vox

1430 e f f e c t i s l i nked ( d i r e c t l y or i n d i r e c t l y ) to an e f f e c t that has an input
not l i nked to the same vox e f f e c t . I t i s recommended that t h i s e f f e c t
i s used d i r e c t l y be f o r e the f i n a l output .

##### Inputs
1435

main

##### Outputs

1440 main

##### Parameters

th r e sho ld the c u t o f f l e v e l ( d e f a u l t s to 0 . 001 )
1445
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#### widen

This e f f e c t changes the width o f a s t e r e o image . I f the s i z e o f the
width parameter i s g r e a t e r than 1 , l e f t and r i gh t seem fu r th e r apart ,

1450 otherwi s e they seem c l o s e r . Negative width parameters swap l e f t and
r i gh t .

##### Inputs

1455 l e f t

r i g h t

##### Outputs
1460

l e f t

r i g h t

1465 ##### Parameters

width the width o f the s t e r e o image ( d e f a u l t s to 1)

#### wr i t e s l ab , write8svx , writewav
1470

Write the input to a sample f i l e o f format SLab , IFF 8SVX, or RIFF WAVE
( r e s p e c t i v e l y ) . SLab ’ s own format i s the only one that doesn ’ t c l i p the
s i g n a l . The othe r s d i s t o r t f o r input s i g n a l s with an amplitude g r e a t e r
than 1 , so a l im i t e r may be nece s sa ry ( s ee l im i t ) .

1475

##### Warning

Any a l ready e x i s t i n g f i l e w i l l be overwr i t ten , so make sure there i s no
f i l e with the same name be f o r e s t a r t i n g .

1480

##### Inputs

main

1485 ##### Outputs

n/a

##### Parameters
1490

f i l e the f i l e to c r e a t e

#### z f i l t e r

1495 This i s a z−plane f i l t e r e f f e c t . The z−trans form i s a mathematical
techn ique that a l l ows f i l t e r s to be made accord ing to des ign , however
t h i s can be compl icated . Some pr e s e t f i l t e r s have a l r eady been s e t up
( see lowpass , bandpass , highpass , bandre j ec t ) so that they can be used
more e a s i l y . E s s en t i a l l y , f r e qu en c i e s are r epre s ent ed as going around a

1500 s em i c i r c l e , and po l e s and ze ro s are p laced with in the s em i c i r c l e . Poles
make f r e qu en c i e s near them louder and those f u r t h e r away qu i e t e r , and
ze ro s make f r e qu en c i e s near them qu i e t e r and those f u r t h e r away louder .
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The d e t a i l s o f de s i gn ing f i l t e r s w i l l not be gone in to here , f o r more
1505 i n fo rmat ion consu l t a good book on the top i c ( f o r example , ”An

in t r oduc t i on to the ana l y s i s and p ro c e s s i ng o f s i g n a l s ” by P. A. Lynn ,
1973−89) . Make sure that no po l e s have a rad iu s g r e a t e r than 1 , and
that f o r each po le or zero with a f requency not equal to zero or h a l f o f
the sampling ra t e the re i s another with the same rad iu s but negat ive

1510 f r equency .

##### Warning

This e f f e c t i s very powerful , but you do need to know what you are doing
1515 to be ab le to use i t proper ly .

##### Inputs

main
1520

##### Outputs

main

1525 ##### Parameters

po l e s the number o f po l e s in the f i l t e r

z e r o s the number o f z e r o s in the f i l t e r
1530

po l e1 r
po l e2 r
. . .
z e ro1 r

1535 ze ro2 r
. . . the rad iu s o f the po l e s and ze ro s

po l e 1 f
po l e 2 f

1540 . . .
z e r o 1 f
z e r o 2 f
. . . the f r e qu en c i e s o f the po l e s and ze ro s

1545 ## Tutor i a l

This s e c t i o n i s a s tep by step guide in us ing the app l i c a t i on . In t h i s
s e c t i on , th ing s you need to type in are pr in ted l i k e th i s , and the
output o f the app l i c a t i on i s pr in ted l i k e t h i s .

1550

### Adding an echo to a sound

As a f i r s t t u t o r i a l , we w i l l add some echo to a sound that you have on
d i sk .

1555

F i r s t we need to get the sound from the d i sk . Here we w i l l use the f i l e
”MySounds : Funky/OrchStab . 8 svx ” , you w i l l need to use one o f your own
f i l e s . As t h i s i s an IFF 8SVX f i l e ( i nd i c a t ed by the ex t en s i on s . 8 svx or
. i f f ) , we w i l l need an 8SVX reader :
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1560

‘ ‘ ‘
>> new read 8svx reader
>> s e t reader . f i l e ”MySounds : Funky/OrchStab . 8 svx”
‘ ‘ ‘

1565

Now we need to dec ide where to put the echoed sound . We w i l l use
”MySounds : Funky/OrchStab Echo . 8 svx ” , again you should choose your own
name f o r the new sound f i l e . We w i l l wr i t e the f i l e as an IFF 8SVX,
although you can choose a d i f f e r e n t format i f you want to :

1570

‘ ‘ ‘
>> new wr i t e 8 svx wr i t e r
>> s e t wr i t e r . f i l e ”MySounds : Funky/OrchStab Echo . 8 svx”
‘ ‘ ‘

1575

We now have a reader and a wr i te r , time to put the echo in between . We
w i l l have a f a i r l y long echo time o f one and a ha l f seconds , but which
d i e s away r e l a t i v e l y qu i ck ly (by having the decay c l o s e to zero ) :

1580 ‘ ‘ ‘
>> new echo echo
>> s e t echo . de lay 1 .5
>> s e t echo . decay 0 .25
‘ ‘ ‘

1585

Note how you can have an e f f e c t ob j e c t with the same name as an e f f e c t
type . The computer doesn ’ t get confused , although with more compl icated
p ro c e s s i ng than t h i s s imple echo you might con fuse y ou r s e l f !

1590 With a l l o f the e f f e c t ob j e c t s s e t up , now we have to l i n k them
toge the r :

‘ ‘ ‘
>> l i n k reader . main echo . main

1595 >> l i n k echo . main wr i t e r . main
‘ ‘ ‘

Now a l l o f the s e t t i n g up i s done , we can proce s s the sound :

1600 ‘ ‘ ‘
>> run
‘ ‘ ‘

A l l be ing wel l , a new f i l e w i l l be c r ea ted conta in ing the echoed sound .
1605 You w i l l be informed o f any problems , f o r example i f the re i s not enough

space on the d i sk f o r the new sound f i l e .

### Making your own echo e f f e c t

1610 Although there i s a bu i l t in echo e f f e c t , here we w i l l show how to make
your own echo e f f e c t out o f s imp le r bu i l d i ng b locks .

An echo e f f e c t i s qu i t e s imple . Even so , we w i l l need s i x e f f e c t
ob j e c t s f o r one echo e f f e c t , as you can see from the diagram . F i r s t we

1615 c r e a t e the ob j e c t s we need , the names s t a r t with e so that we know that
they are a l l part o f one echo e f f e c t :
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‘ ‘ ‘
>> new add e add

1620 >> s e t add . inputs 2
>> new s p l i t e s p l i t
>> s e t s p l i t . outputs 2
>> new delay e de l ay
>> new mul e s c a l e

1625 >> s e t mul . inputs 2
>> new feedback e f b
>> new constant e decay
‘ ‘ ‘

1630 Then we l i n k them toge the r :

‘ ‘ ‘
>> l i n k e add . main s p l i t . main
>> l i n k e s p l i t . out2 e de l ay . main

1635 >> l i n k e de l ay . main e s c a l e . in1
>> l i n k e decay . main e s c a l e . in2
>> l i n k e s c a l e . main e f e edback . main
>> l i n k e f e edback . main e add . main
‘ ‘ ‘

1640

Now that the e f f e c t ob j e c t s making up the echo are l i nked together , we
can s e t the echo parameters ( the decay value should be between 1 and −1 ,
o therwi s e the echo would make the sound get louder and louder ) :

1645 ‘ ‘ ‘
>> s e t e decay . out . 5
>> s e t e de l ay . de lay .33333
‘ ‘ ‘

1650 This g i v e s an echo ha l f the volume o f the prev ious one , about 3 t imes
per second .

Now that our echo i s s e t up , we can l i n k i t to a reader and a wr i t e r to
p roce s s a sound . This i s de s c r ibed in d e t a i l in an e a r l i e r t u t o r i a l .

1655 You need to l i n k to e add . in1 and from e s p l i t . out1 .

### Dynamically c on t r o l l e d e f f e c t s

Here the r e a l power o f the app l i c a t i o n beg ins to show i t s e l f . We are
1660 going to con t r o l some e f f e c t s with other e f f e c t s , to c r e a t e a very

unusual sound .

The diagram exp l a i n s what we are going to do , only a few notes w i l l be
p laced as comments in the f o l l ow i n g . You can type the comments in , they

1665 do not a f f e c t the r e s u l t s .

Warning : the output f i l e w i l l be near ly 700 kB in s i z e , so make sure
the re i s enough space be f o r e you run .

1670 ‘ ‘ ‘
new read8svx reader ; Set up sample source
s e t reader f i l e ” Tutor ia l 3 / Input . 8 svx”
new add readmix ; Repeat sample every 0 .5 s
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s e t readmix inputs 2
1675 new s p l i t r e a d s p l i t

s e t r e a d s p l i t outputs 2
new feedback readfb
new fbde lay readde lay
s e t readde lay de lay 0 .5

1680 l i n k reader main readmix in1
l i n k readmix main r e a d s p l i t main
l i n k r e a d s p l i t out2 readde lay main
l i n k readde lay main readfb main
l i n k readfb main readmix in2

1685 new rampup volume ; Set up volume o s c i l l a t o r
s e t volume f r e q 0 .5
new constant v o l s c a l e ; Sca l e to between 0 .5 and 1
s e t v o l s c a l e va lue 0 .25 ; (1 − 0 . 5 ) / 2
new constant v o l s h i f t

1690 s e t v o l s h i f t va lue 0 .75 ; s c a l e ∗ 3
new mul volmul
s e t volmul inputs 2
new add voladd
s e t voladd inputs 2

1695 l i n k volume main volmul in1
l i n k v o l s c a l e main volmul in2
l i n k volmul main voladd in1
l i n k v o l s h i f t main voladd in2
new mul changevol ; Modulate volume

1700 s e t changevol inputs 2
l i n k r e a d s p l i t out1 changevol in1
l i n k voladd main changevol in2
new z f i l t e r f i l t e r ; Set up f i l t e r
s e t f i l t e r po l e s 4

1705 s e t f i l t e r z e r o s 4
s e t f i l t e r po l e1 r 0 .95 ; Poles j u s t ou t s i d e z e r o s
s e t f i l t e r po l e2 r 0 .95 ; g ive i s o l a t e d peaks
s e t f i l t e r po l e3 r 0 .95
s e t f i l t e r po l e4 r 0 .95

1710 s e t f i l t e r z e ro1 r 0 . 9
s e t f i l t e r z e ro2 r 0 . 9
s e t f i l t e r z e ro3 r 0 . 9
s e t f i l t e r z e ro4 r 0 . 9
l i n k changevol main f i l t e r main

1715 new s i n e f r e q ; Set up frequency o s c i l l a t o r
s e t f r e q f r e q 0 .25
new constant f r q s c a l e ; Sca l e to between 700 and 2100
s e t f r q s c a l e va lue 700 ; (2100 − 700) / 2
new constant f r q s h i f t

1720 s e t f r q s h i f t va lue 2100 ; s c a l e ∗ 3
new mul frqmul
s e t frqmul inputs 2
new add frqadd
s e t frqadd inputs 2

1725 l i n k frqume main frqmul in1
l i n k f r q s c a l e main frqmul in2
l i n k frqmul main frqadd in1
l i n k f r q s h i f t main frqadd in2
new toparam c t r l 1 ; Set up f i l t e r c on t r o l

1730 new toparam c t r l 2
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new toparam c t r l 3
new toparam c t r l 4
new toparam c t r l 5
new toparam c t r l 6

1735 new toparam c t r l 7
new toparam c t r l 8
s e t c t r l 1 to f i l t e r
s e t c t r l 2 to f i l t e r
s e t c t r l 3 to f i l t e r

1740 s e t c t r l 4 to f i l t e r
s e t c t r l 5 to f i l t e r
s e t c t r l 6 to f i l t e r
s e t c t r l 7 to f i l t e r
s e t c t r l 8 to f i l t e r

1745 s e t c t r l 1 param po l e 1 f
s e t c t r l 2 param po l e 2 f
s e t c t r l 3 param po l e 3 f
s e t c t r l 4 param po l e 4 f
s e t c t r l 5 param ze r o1 f

1750 s e t c t r l 6 param ze r o2 f
s e t c t r l 7 param ze r o3 f
s e t c t r l 8 param ze r o4 f
new s p l i t c t r l s p l i t 1 ; Set up f i l t e r c on t r o l rout ing
s e t c t r l s p l i t 1 outputs 4

1755 new s p l i t c t r l s p l i t 2
s e t c t r l s p l i t 2 outputs 3
new s p l i t c t r l s p l i t 3
s e t c t r l s p l i t 3 outputs 2
new s p l i t c t r l s p l i t 4

1760 s e t c t r l s p l i t 4 outputs 2
new mul c t r lmu l
s e t c t r lmu l inputs 2
new constant c t r lband
s e t c t r lband 1 .5

1765 l i n k ct r lband ct r lmu l in1
new inv e r t c t r l i n v 1
new inv e r t c t r l i n v 2
l i n k frqadd main c t r l s p l i t 1 main ; Link f i l t e r rout ing
l i n k c t r l s p l i t 1 out1 c t r l 1 main

1770 l i n k c t r l s p l i t 1 out2 c t r l 5 main
l i n k c t r l s p l i t 1 out3 c t r l i n v 1 main
l i n k c t r l i n v 1 main c t r l s p l i t 3 main
l i n k c t r l s p l i t 3 out1 c t r l 2 main
l i n k c t r l s p l i t 3 out2 c t r l 6 main

1775 l i n k c t r l s p l i t 1 out4 c t r lmu l in2
l i n k c t r lmu l main c t r l s p l i t 2 main
l i n k c t r l s p l i t 2 out1 c t r l 3 main
l i n k c t r l s p l i t 2 out2 c t r l 7 main
l i n k c t r l s p l i t 2 out3 c t r l i n v 2 main

1780 l i n k c t r l i n v 2 main c t r l s p l i t 4 main
l i n k c t r l s p l i t 4 out1 c t r l 4 main
l i n k c t r l s p l i t 4 out2 c t r l 8 main
new writewav wr i t e r ; Set up sample output
s e t wr i t e f i l e ” Tutor ia l 3 /Output . wav”

1785 l i n k f i l t e r main wr i t e r main
s e t . runtime 8 ; Run f o r 8 seconds
run
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‘ ‘ ‘

1790 ## Evaluat ion

### Ease o f use

The system i s l abo r i ou s to use . The command l i n e i n t e r f a c e i s long
1795 winded , however a l l o f the commands are nece s sa ry . A g raph i c a l user

i n t e r f a c e would make many ope ra t i on s p o s s i b l e with one or two mouse
c l i c k s ra the r than a l i n e o f t ex t . A second advantage i s that a l l
l i n k ag e s would be v i s i b l e , so you would not have to remember what names
had been given to each e f f e c t ob j e c t or what l i n k s had a l ready been

1800 made .

The s c r i p t i n g f a c i l i t y h inted at in the ana l y s i s s e c t i o n has not been
implemented . However , the re are two workarounds .

1805 F i r s t l y , the input and output handles f o r the SLab command can be
r e d i r e c t e d us ing the system She l l :

‘ ‘ ‘
SLab <mycommands . txt >NIL :

1810 ‘ ‘ ‘

The r e d i r e c t e d input f i l e should conta in commands as they would be
entered in to the conso l e window . The qu i t command i s not s t r i c t l y
nece s sa ry at the end o f the input f i l e , as SLab qu i t s when an EOF i s

1815 read from the input .

Secondly , commands can be pasted in to the conso l e window us ing the
standard system key ( Right Amiga − V) , copied from any source ( f o r
example a text ed i t o r ) . Mult ip l e commands can be pasted s imultaneous ly ,

1820 however as a l l o f the l i n e s are entered at once the system cannot
d i sp l ay the prompts f o r each command un t i l the input stops , at which
po int a l l o f the prompts are d i sp l ayed on one l i n e . This l ook s
unae s the t i c but has no e f f e c t on the c o r r e c t working o f the system .
This method was used during t e s t i n g .

1825

The s c r i p t i n g f a c i l i t y need not be implemented with in SLab , ra the r the re
should be an ARexx port . ARexx i s a s imple i n t e r p r e t ed language , but
app l i c a t i o n s can c r e a t e t h e i r own (named) ARexx port . Using the ARexx
ADDRESS command , any command l i n e not r e cogn i s ed by ARexx as an ARexx

1830 command i s passed to t h i s port .

A mechanism i s in p lace at the e f f e c t l e v e l f o r a get command to get the
cur rent va lue s o f parameters , however t h i s has not been implemented in
the ke rne l or the command l i n e i n t e r f a c e .

1835

### Ease o f implementation

Simple e f f e c t s , such as r e c t i f y , can be implemented very e a s i l y .
However , the command l i n e i n t e r f a c e par t s o f the e f f e c t s ( those that

1840 convert s t r i n g s to id codes ) show a l a r g e amount o f r e p e t i t i o n o f s imple
code . To make implementing e f f e c t c l a s s e s e a s i e r , the inputs , outputs
and parameters could be s to r ed in a tab l e conta in ing the name , id code
and var i ous p r op e r t i e s ( such as the o f f s e t o f the l i n k s t r u c tu r e in the
e f f e c t ob j e c t f o r inputs , the type o f parameters , and whether l i n k i n g or
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1845 s e t t i n g t h i s parameter r e qu i r e s r e c a l c u l a t i o n ) . This t ab l e could be
used by gene r i c methods o f the e f f e c t base c l a s s , any c l a s s e s that
r e qu i r e more compl icated arrangements ( f o r example z f i l t e r or the
mul t ip l e input or output c l a s s e s ) could use the cur rent arrangement .

1850 A us e f u l s i d e e f f e c t o f t h i s t ab l e dr iven method i s that i t would be
s imple to l i s t a l l o f the inputs , outputs and parameters o f a g iven
e f f e c t c l a s s or ob j e c t . With the add i t i on o f t ex tua l d e s c r i p t i o n s t h i s
could a l s o become an on l i n e he lp system .

1855 ### Qual i ty o f r e s u l t s

The qua l i t y o f the output i s very high , e s p e c i a l l y the f i l t e r e f f e c t s .
When compared to s imple moving average f i l t e r s ( as found in OctaMED) ,
the sound i s much c l e a r e r . OctaMED’ s f i l t e r s tend to make the sound

1860 seem muff led . The lack o f c l i p p i n g ensured by f l o a t i n g po int
implementation makes i t e a s i e r to combine e f f e c t s ; in OctaMED’ s sample
ed i t o r some e f f e c t s ( l i k e echo ) can lead to volume i n c r e a s e and c l i p p i n g
so the volume must be reduced f i r s t .

1865 The echo e f f e c t ( s ee t e s t i ng , f i r s t echo ) e x i b i t s a s l i g h t l o s s o f high
f r e qu en c i e s in the echos , t h i s i s due to the l i n e a r i n t e r p o l a t i o n used
in the de lay e f f e c t when the de lay time i s not an i n t e g e r number o f
samples . Natural echos from s o f t or i r r e g u l a r s u r f a c e s tend to exh i b i t
l o s s o f high f r equenc i e s , so t h i s property may be u s e f u l .

1870

The ( mathematica l ly ) c o r r e c t i n t e r p o l a t i o n r e qu i r e s summing the func t i on
$y=s in ( at ) /( at ) $ f o r every sample ( past and fu tu r e ) , t h i s f unc t i on has
a peak at the sample in ques t i on and i s ze ro at a l l o ther sample po in t s .
However an implementation o f t h i s i n t e r p o l a t i o n would be slow , and i s

1875 not r e a l l y nece s sa ry . A l t e rna t i v e l y , a switch parameter added to the
de lay e f f e c t could ensure that the de lay time i s ad justed to be an
i n t e g e r number o f samples .

### Speed o f p ro c e s s i ng
1880

The sound pro c e s s i ng i s very slow , but t h i s i s due to ob s o l e t e hardware
being used ( the CPU i s a 7 MHz Motorola 68000 , with 16 b i t i n t e g e r
mu l t i p l i c a t i o n tak ing 70 c l o ck c y c l e s ) . Modern computers are e a s i l y a
thousand times f a s t e r at f l o a t i n g po int maths , so the system would be

1885 much more useab l e . On the cur rent hardware , s imple p ro c e s s i ng o f one
second o f sound ( at 22050 Hz sampling ra t e ) takes about one minute ,
r i s i n g to over f i v e minutes i f parameters are c on t i nua l l y changed that
r e qu i r e r e c a l c u l a t i o n ( f o r example f i l t e r f r e qu en c i e s ) . Speed could be
in c r ea s ed by assembly language opt im i sa t i on o f c r i t i c a l s e c t i on s , but

1890 the re are un l i k e l y to be l a r g e ga ins as the re are few loops in the code .

### Faults

The command l i n e i n t e r f a c e i s cu r r en t l y case s e n s i t i v e . The func t i on s
1895 that need to be changed are in the source code f i l e s t r i n g . e , and should

be made to use the system standard u t i l i t y . l i b r a r y f unc t i on s . There i s
l i t t l e check ing on names , with the r e s u l t that an e f f e c t ob j e c t can end
up with the name ”” ( or more dangerous ly ” . ” ) , con fu s ing the user and
the system .

1900

The run command doesn ’ t check f o r the end o f sounds . Current ly i t runs
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f o r a f i x ed number o f samples (22050) , l onge r waveforms can be proce s sed
by us ing the run command s e v e r a l t imes in su c c e s s i on . This can be f i x ed
by having e f f e c t . i s s i n k ( ) and e f f e c t . i sdone ( ) methods , and run f i n i s h e s

1905 when a l l s i nk s are done . A l t e r na t i v e l y ( f o r use when the sound w i l l
never cease ) the s e t command can be expanded to inc lude g l oba l
parameters , with ” .” as the e f f e c t name f o r con s i s t en cy with the l i s t
command . Global parameters could inc lude ra t e ( g l oba l sample rate ,
perhaps d e f au l t i n g to the maximum sample ra t e in use ) , runtime ( time to

1910 run f o r ) , or runsamples (number o f samples to run f o r ) .

The e f f e c t l i nkage check ing en t e r s an i n f i n i t e loop i f e f f e c t s are
l i nked in a loop without a feedback e f f e c t , with the r e cu r s i on l ead ing
to s tack over f l ow which could crash the operat ing system . This could be

1915 f i x e d by having every e f f e c t check f o r loops , t h i s would r e qu i r e the
e f f e c t . check ( ) method to be s p l i t i n to two methods , one de f ined by the
e f f e c t base c l a s s to prevent loops , and one de f ined in each der ived
c l a s s to do the check ing . The l a t t e r func t i on would be c a l l e d by the
loop prevent ion method . This f i x would r e qu i r e that feedback e f f e c t s

1920 are l a s t in the loop , so that these can stop the loop ( otherwi se e f f e c t s
in the loop a f t e r the feedback e f f e c t would not be checked ) .

A s imple r f i x would be to check f r e e s tack space , i f t h i s i s very low i t
i s due to e i t h e r extremely long cha ins o f e f f e c t s or the r e c u r s i v e loop

1925 de sc r ibed above . However , t h i s method would g ive only a vague e r r o r
message , that the re was a loop somewhere in the e f f e c t s l i nkage .

F i l e handl ing l e av e s much to be de s i r ed . Error r epo r t i ng i s poor , no
e r r o r s are repor ted i f f i l e s cannot be opened , and read / wr i t e e r r o r s

1930 cu r r en t l y e x i t the system ung ra c e f u l l y ( as does running out o f memory) .
The f i l e s are opened too ea r l y (when the name i s s e t ) and c l o s ed too
l a t e (when the name i s s e t to something e l s e or the e f f e c t i s d e l e t ed
( i n c l ud ing e x i t i n g the system ) ) .

1935 The wr i t e e f f e c t s do not check whether the f i l e e x i s t s , and as a s i d e
e f f e c t the r e s e t command causes the f i l e that has been wr i t t en to be
erased . A workaround i s to use a command l i k e ” s e t mywriter f i l e NIL : ”
be f o r e us ing the r e s e t command .

1940 ## Appendix

### Mathematical Background

#### Transform Theory
1945

##### Four ie r Transform

The Four i e r trans form i s der ived from the Four i e r s e r i e s , a method o f
r ep r e s en t i ng p e r i o d i c f unc t i on s by i n f i n i t e s e r i e s o f s i n e and co s i n e

1950 f un c t i on s . The s e r i e s i s extended to ape r i od i c f un c t i on s by having a
cont inuous ( ra the r than d i s c r e t e ) f requency spectrum , expres sed more
c on c i s e l y us ing complex exponen t i a l s :

##### Laplace Transform
1955

The Laplace trans form i s an extens i on o f the Four i e r transform , which i s
v a l i d f o r more f unc t i on s . The Laplace trans form uses a complex
f requency va r i ab l e :
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1960 ##### z Transform

The Four i e r and Laplace f unc t i on s are f o r cont inuous funct i ons , but
sampled data s i g n a l s are made up o f many d i s c r e t e po in t s . A s i g n a l i s
r ep r e s ented by a sum of impulse funct i ons , separated by the sampling

1965 time i n t e r v a l . The Laplace trans form i s e a s i l y found , and by s e t t i n g ,
the z trans form can be der ived :

#### Pra c t i c a l Uses o f the Laplace and z Transforms

1970 ##### Trans fe r Function and Impulse Response

A l i n e a r system can be repre s ented by a t r a n s f e r funct ion , because the
trans form o f the output i s the trans form o f the input mu l t i p l i e d by the
t r a n s f e r func t i on . The response o f a system to a un i t impulse i s i t s

1975 impulse response , the trans form o f which i s the t r a n s f e r func t i on .

##### Convolution

Mu l t i p l i c a t i o n o f t rans forms i s the same as convo lut ion in the time
1980 domain . Convolution f o r sampled data means that each sample i s r ep l aced

by a s ca l ed copy o f the impulse re sponse and the output i s the sum of
a l l o f them . This i s expres sed as an i n t e g r a l f o r cont inuous f unc t i on s :

##### Poles and Zeros
1985

Many systems can be repre s ented as a s e t o f po l e s and ze ro s in the s
or z plane , s p e c i f y i n g the t r a n s f e r funct ion , from which the f requency
and phase re sponse c h a r a c t e r i s t i c s o f the system can be determined .
Conversely , a f i l t e r can be des igned by p la c ing po l e s and ze ro s to

1990 c r e a t e a de s i r ed c h a r a c t e r i s t i c .

##### z Domain F i l t e r i n g

The z domain t r a n s f e r func t i on can be used to generate a s imple
1995 r e cu r s i on formula to p roce s s sampled input . The formula g i v e s the

cur rent output in terms o f the cur rent and prev ious inputs and prev ious
outputs . Each e n t i r e s i g n a l can be s h i f t e d to minimize de lay ( i f so
d e s i r ed ) or c r e a t e a r e a l i s a b l e f i l t e r ( where e f f e c t i s l a t e r in time
than cause ) , t h i s i s equ iva l en t to having extra po l e s or z e ro s at the

2000 o r i g i n o f the z−plane , una f f e c t i n g the f requency response .

### F i l e Formats

#### IFF 8SVX
2005

The IFF ( Interchange F i l e Format ) standard d e f i n e s a g ene r i c f i l e
s t ruc ture , b u i l t around chunks . D i f f e r e n t types o f f i l e ( sound ,
g raph i c s e t c ) d e f i n e new chunks .

2010 ##### Data types

− ULONG unsigned long , 4 bytes , msb f i r s t
− UWORD unsigned word , 2 bytes , msb f i r s t
− UBYTE unsigned byte

2015 − SBYTE s igned byte ( two ’ s complement , −128..+127)
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##### Chunk s t ru c tu r e

‘ ‘ ‘
2020 ULONG chunk id ( u sua l l y a charac t e r s t r i n g )

ULONG data l ength
. . . data

‘ ‘ ‘

2025 ##### FORM

Every IFF f i l e i s a FORM chunk , conta in ing other chunks :

‘ ‘ ‘
2030 ULONG ”FORM”

ULONG length
ULONG type
. . . chunk l i s t

‘ ‘ ‘
2035

For 8SVX sound f i l e s , the FORM type f i e l d i s ”8SVX” , and then a VHDR and
a BODY chunk are r equ i r ed ( in t h i s order ) . A l l IFF f i l e s may conta in
other chunks , but these can be skipped us ing the l ength f i e l d .

2040 ##### VHDR ( Voice Header )

‘ ‘ ‘
ULONG ”VHDR”
ULONG length

2045 ULONG samples in high octave 1− shot part
ULONG sample s t a r t o f f s e t o f high octave repeat part
ULONG samples per cy c l e in high octave repeat (0 = no repeat )
UWORD samples per second
UBYTE number o f oc taves

2050 UBYTE compress ion : 0 = none , 1 = Fibonacci −de l t a encoding
ULONG volume (65536 maps to 1 . 0 )

‘ ‘ ‘

##### BODY
2055

‘ ‘ ‘
ULONG ”BODY”
ULONG length
SBYTEs sample data

2060 ‘ ‘ ‘

#### RIFF WAVE

The RIFF ( Resource Interchange F i l e Format ) standard i s Microso f t ’ s own
2065 dup l i c a t i on o f the IFF f i l e s t r u c tu r e . The main d i f f e r e n c e i s that the

data words are s to r ed l s b f i r s t .

##### RIFF

2070 Every RIFF f i l e i s a RIFF chunk , conta in ing other chunks :

‘ ‘ ‘
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ULONG ”RIFF”
ULONG length

2075 ULONG type
. . . chunk l i s t

‘ ‘ ‘

For WAVE sound f i l e s , the RIFF type f i e l d i s ”WAVE” , and then a fmt and
2080 a data chunk are r equ i r ed ( in t h i s order ) . Al l RIFF f i l e s may conta in

other chunks , but these can be skipped us ing the l ength f i e l d .

##### fmt

2085 ‘ ‘ ‘
ULONG ”fmt ”
ULONG length
UWORD encoding (1 = PCM)
UWORD number o f channe l s

2090 ULONG sampling ra t e
ULONG bandwidth (= ra t e ∗ channe l s ∗ [ b i t s / 8 ] )
UWORD block a l i g n (= channe l s ∗ [ b i t s / 8 ] )
// encoding s p e c i f i c data , here encoding = 1
UWORD b i t s per sample

2095 ‘ ‘ ‘

##### data

‘ ‘ ‘
2100 ULONG ”data”

ULONG length
// data format f o r encoding = 1
// b i t s = 1 to 8 , UBYTE ( l e a s t s i g n i f i c a n t b i t s 0)
// b i t s > 8 , s igned i n t e g e r o f l e a s t number o f bytes r equ i r ed ( f o r

2105 // example 3 bytes f o r 20 b i t ) ( l e a s t s i g n i f i c a n t b i t s 0)
. . . sample data , channe l s i n t e r l e a v ed

‘ ‘ ‘

RIFF WAVE f i l e s are qu i t e complicated , and can inc lude cue po in t s ( with
2110 t ex t l a b e l s and comments ) , s i l e n t s e c t i on s , data compression , play

l i s t s , and even embedded f i l e s ( images to be d i sp layed at cue points ,
f o r example ) .

#### SLab f i l e format
2115

‘ ‘ ‘
ULONG ”SLab”
ULONG length

2120 ULONG ” In fo ”
ULONG length = 12
FLOAT rate ( de f = 44100 .0 )
FLOAT bia s ( de f = 0 . 0 ) \ f o r no rma l i s a t i on
FLOAT ampl ( de f = 1 . 0 ) / when read ing in

2125

ULONG ”Data”
ULONG length = number o f samples
FLOATs sample data

‘ ‘ ‘
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2130

### SLab c l a s s he i ra r chy

‘ ‘ ‘
( ) = base c l a s s e s not f o r d i r e c t use

2135 − = not yet implemented

( e f f e c t ) base c l a s s
( conta ine r ) conta ine r base c l a s s

echo input + output ”main ” , params ”decay” + ”delay ”
2140 − p i t c h s h i f t

notch input + output ”main ” , params ”depth” + ” frequency ”
− r e v e r s e
− widen parameter ”width” −1 = swap , 0 = mono , 1 = same

( in0out1 ) one output ”main”
2145 constant output = param ”value ”

( osc ) o s c i l l a t o r , params ” ra t e ” , ” f requency ” , ” amplitude ” ,⤦
Ç ”phase”
pu l s e pulse , param ”width”
ramp ramp (up ; down <=> negat ive amplitude )
s i n e s i n e wave

2150 t r i a n g l e t r i a n gu l a r wave
( read ) read from param ” f i l e ” , with sample ra t e ” ra t e ”

( de f = ra t e s to r ed in f i l e )
read8svx f i l e type = IFF 8SVX
reads l ab f i l e type = SLab , param ”normal ize ” = ”on” , ” o f f ”

2155 − readwave f i l e type = RIFF WAVE (16 b i t )
wh i t eno i s e white no i s e

( in1out0 ) one input ”main”
p r in t wr i t e to s c r e en
toparam conver t s data to parameters , param ” to ” ( ob jpar t )

2160 ( wr i t e ) wr i t e to param ” f i l e ”
wr i te8svx f i l e type = IFF 8SVX
wr i t e s l ab f i l e type = SLab
− writewave f i l e type = RIFF WAVE (16 b i t )

( in1out1 ) one input ”main ” , one output ”main”
2165 amp ampl i fy by param ” gain ”

copy output = input
de lay output ( t ) = input ( t − param ”delay ”)

fbde lay de lay f i x ed f o r feedback loops
− env fo l l ow enve lope f o l l owe r , parameter ” time”

2170 (− envchain ) op t i ona l input ” s i d e cha in ” , parameter ” th r e sho ld ”
− compand compressor / expander
− gate gate
− l im i t l im i t e r ( ducker when used with s i d e cha in ?)

feedback a l low feedback loops
2175 ( f i l t e r ) s imple f i l t e r , param ” frequency ”

( b a nd f i l t e r ) param ”bandwidth”
bandpass band pass f i l t e r
bandre j ec t band r e j e c t f i l t e r

h ighpass high pass f i l t e r
2180 lowpass low pass f i l t e r

h a l f r e c t i f y output = i f input > 0 then input e l s e 0
i nv e r t output = − input
r e c t i f y output = abs ( input )
− vox output = input , a f t e r input > param ” thre sho ld ”

2185 z f i l t e r params ” po l e s ” , ” z e ro s ” , ”poleXr ” , ” poleXf ” , ” zeroXr⤦
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Ç ” , ” zeroXf ”
( in1outm ) one input ”main ” , param ”outputs ” ”out1” e tc

s p l i t outputX = input
− mult ide lay outputX = input ( t − delayX )

( inmout1 ) param ” inputs ” ” in1 ” etc , one output ”main”
2190 add output = in1 + in2 + . . .

mul output = in1 ∗ in2 ∗ . . .
‘ ‘ ‘

### Test ing
2195

Most o f the e f f e c t s were t e s t ed as f o l l ow s . The t e s t input s t r u c tu r e
was the same , with the e f f e c t s p e c i f i c commands i n s e r t e d at ” . . . ” .
The audio c a s s e t t e conta in s f o r each e f f e c t the o r i g i n a l and the
modi f i ed sound twice each .

2200

‘ ‘ ‘
new read8svx r
s e t r f i l e Test /Beat . 8 svx
s e t r ra t e 22050

2205 new wr i te8svx w
s e t w f i l e Test /Beat.< e f f e c t >.8 svx
new <e f f e c t> f
. . .
l i n k r main f main

2210 l i n k f main w main
run
qu i t

2215 amp
s e t f ga in 0 .5

bandpass
s e t f f requency 1000

2220 s e t f bandwidth 500

echo 1
s e t f de lay 0 .39
s e t f decay 0 .5

2225

echo 2
s e t f de lay 0 .01
s e t f decay 0 .9

2230 h a l f r e c t i f y

h ighpass
s e t f f requency 1000

2235 lowpass
s e t f f requency 300

r e c t i f y
‘ ‘ ‘

2240

Os c i l l a t o r s were t e s t ed d i f f e r e n t l y . The audio c a s s e t t e conta in s shor t
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s e c t i o n s o f output from each o f the o s c i l l a t o r s with d e f au l t parameters .

‘ ‘ ‘
2245 new <e f f e c t> o

s e t o ra t e 22050
. . .
new wr i te8svx w
s e t w f i l e Test /Osc.< e f f e c t >.8 svx

2250 l i n k o main w main
run
qu i t

2255 s i n e

ramp

pu l s e
2260

pu l s e

s e t o width 0 .2

2265 t r i a n g l e

wh i t eno i s e
‘ ‘ ‘

2270 The notch f i l t e r was t e s t ed as f o l l ow s . A shor t s e c t i o n o f the output
i s shown , you can see that the fundamental f requency has been removed
from the otherw i s e square wave . Other f e a t u r e s o f the output are phase
changes ( l e ad ing to asymmetry o f the waveform ) and time taken to reach
the steady s t a t e re sponse ( the s t a r t i s s l i g h t l y d i f f e r e n t to the

2275 remainder o f the wave ) . The diagram i s a s c r e en sho t taken from
OctaMED’ s sample ed i to r , showing 256 samples .

‘ ‘ ‘
new pu l s e r

2280 s e t r f requency 1000
s e t r amplitude 0 .5
new wr i te8svx w
s e t w f i l e Test /Notch . 8 svx
new notch f

2285 s e t f depth 0 .95
s e t f f requency 1000
l i n k r main f main
l i n k f main w main
run

2290 qu i t
‘ ‘ ‘

### Refe rences

2295 #### LEDA

The matrix and vec to r c l a s s e s are taken from LEDA with s l i g h t
mod i f i c a t i on s .
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2300 ” In the f a l l o f 1988 , we s t a r t ed a p r o j e c t ( c a l l e d LEDA fo r Library o f
E f f i c i e n t Datatypes and Algorithms ) to bu i ld a small , but growing
l i b r a r y o f data types and a lgor i thms in a form which a l l ows them to be
used by non−expe r t s . We hope that the system w i l l narrow the gap
between a lgor i thms research , teaching , and implementation .

2305

LEDA i s a v a i l a b l e by anonymous f tp from :

f tp . c s . uni−sb . de ( 1 3 4 . 9 6 . 7 . 2 5 4 ) /pub/LEDA

2310 f t p . maths . warwick . ac . uk ( 1 3 7 . 2 0 5 . 2 3 2 . 4 ) /pub/ sourc e s /c++

The d i s t r i b u t i o n conta in s a l l sources , i n s t a l l a t i o n i n s t r u c t i o n s , a
t e c hn i c a l report , and the LEDA user manual . LEDA i s not in the pub l i c
domain , but can be used f r e e l y f o r r e s ea r ch and teach ing . A commercial

2315 l i c e n s e i s a v a i l a b l e from the author . ”

#### Amiga Developer CD v1 . 1

The deve loper CD conta in s documentation on opera t ing system func t i on s
2320 and the IFF standards , among other th ing s .

#### Int e rn e t S i t e s

There are s e v e r a l u s e f u l s i t e s on the In t e rn e t concerned with sound
2325 pro c e s s i ng . A d e s c r i p t i o n o f va r i ous e f f e c t s p r o c e s s o r s can be found

at :

http ://www. eden . com/˜keen/ e f f x f a q / fxtaxon . htm
?

2330 http ://www. hut . f i /Misc/ E l e c t r on i c s /dsp . html

#### An in t r oduc t i on to the ana l y s i s and p ro c e s s i ng o f s i g n a l s

by P. A. Lynn , ( c ) 1973 −89. This book d e s c r i b e s how to use the Laplace
2335 and z trans forms to proce s s s i gna l s , i n c l ud ing us ing z−plane f i l t e r s and

r e cu r s i on formulae to f i l t e r sampled sound .

2 Install

;−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−;
; I n s t a l l ;
; I n s t a l l e r s c r i p t f o r SLab ;
; ;

5 ; Icon p r op e r t i e s : ;
; Icon : I n s t a l l . i n f o ;
; Icontype : PROJECT ;
; De f au l t t oo l : I n s t a l l e r ;
; Tooltypes : ;

10 ; APPNAME=SLab ;
; LOGFILE=T: In s t a l l SLab . l o g f i l e ;
; LOG=TRUE ;
; DEFUSER=AVERAGE ;
; PRETEND=FALSE ;

15 ;−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−;
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( s e t @app−name ”SLab”)
( welcome ”SLab I n s t a l l a t i o n ”)

20 ( s e t #Msg WrongOS ”You need at l e a s t AmigaOS v2 .04 to run SLab . ” )
( s e t #Msg In s t a l l i n g ” I n s t a l l i n g SLab . ” )
( s e t #Msg SelectPath ” S e l e c t path f o r SLab : ” )
( s e t #Msg DoInsta l l ” I n s t a l l a t i o n complete . ” )
( s e t #Msg Failed ” I n s t a l l a t i o n f a i l e d . ” )

25 ( s e t #Msg Tutor ia l ”Do you want to i n s t a l l the t u t o r i a l f i l e s ?”)
( s e t #Msg TutorialHelp ”The t u t o r i a l f i l e s o f f e r guidance on us ing SLab , ⤦

Ç but are not needed to run SLab . ” )

( s e t #OS VER (/ ( g e t v e r s i on ) 65536) )
( i f (< #OS VER 37) ( abort #Msg WrongOS) )

30

;−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−;

( complete 0)
( s e t @default −dest ( a skd i r ( prompt #Msg SelectPath ) ( he lp @askdir−help )

35 ( newpath ) ( d e f au l t ”SYS : SLab”)
)

)

( c o p y f i l e s ( prompt #Msg In s t a l l i n g ) ( he lp @copyf i l e s −help )
40 ( source ”SLab”) ( des t @default −dest ) ( f i l e s ) ( i n f o s )

)

;−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−;

45 ( complete 50)
( i f ( askboo l ( prompt #Msg Tutor ia l ) ( he lp #Msg TutorialHelp ) ( d e f au l t 1) )

( c o p y f i l e s ( prompt #Msg In s t a l l i n g ) ( he lp @copyf i l e s −help )
( source ” Tutor i a l ”) ( des t @default −dest ) ( i n f o s ) ( a l l )

)
50 )

;−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−;

( complete 100)
55 ( e x i t #Msg DoInsta l l )

;−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−;
; END: I n s t a l l ;
;−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−;

3 README.md

This i s my AS−Level Computing p r o j e c t from 1999 .

Source code i s in Amiga E.

5 Documentation i s miss ing images .

4 SLab

(application/octet-stream; charset=binary)

45



slab Source/add.e

5 Source/add.e

/∗==========================================================================+
| add . e |
| Ef f e c t c l a s s ”add” |
| Sums a l l inputs |

5 +−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

OPT MODULE

MODULE ’∗ defs ’ , ’∗ inmout1 ’ , ’∗debug ’
10

EXPORT OBJECT add OF inmout1
ENDOBJECT

PROC c l a s s ( ) OF add IS ’ add ’
15

PROC proce s s ( ) OF add
DEF i , o = 0 .0
SUPER s e l f . p roce s s ( )
FOR i := 1 TO s e l f . i npu t s ( ) DO o := ! o + s e l f . i n ( i )

20 s e l f . output (ID MAIN , o )
ENDPROC

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−+
| END: add . e |

25 +==========================================================================∗/

6 Source/amp.e

/∗==========================================================================+
| amp . e |
| Ef f e c t c l a s s ”amp” , amp l i f i e s input by parameter ” gain ” |
+−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

5

OPT MODULE, PREPROCESS

MODULE ’∗ defs ’ , ’∗ in1out1 ’ , ’∗ s t r i ng ’ , ’∗ value ’ , ’∗debug ’

10 /∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

EXPORT OBJECT amp OF in1out1
PRIVATE

gain : LONG
15 ENDOBJECT

PROC c l a s s ( ) OF amp IS ’amp’

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/
20

PROC new( l i s t , name) OF amp
SUPER s e l f . new( l i s t , name)
s e l f . ga in := 1 .0

ENDPROC
25

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/
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PROC param2id ( s t r ) OF amp
ENDPROC IF strcmp (IDS GAIN , s t r ) THEN ID GAIN ELSE SUPER s e l f . param2id ( s t r )

30

PROC id2param ( id ) OF amp
ENDPROC IF id = ID GAIN THEN IDS GAIN ELSE SUPER s e l f . id2param ( id )

PROC paramtype ( id ) OF amp
35 ENDPROC IF id = ID GAIN THEN TYPENUMBER ELSE SUPER s e l f . paramtype ( id )

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC se t ( id , data ) OF amp
40 SELECT id

CASE ID GAIN ; s e l f . ga in := data
DEFAULT; SUPER s e l f . s e t ( id , data )
ENDSELECT

ENDPROC
45

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC get ( id ) OF amp
SELECT id

50 CASE ID GAIN ; RETURN s e l f . ga in
ENDSELECT

ENDPROC SUPER s e l f . get ( id )

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/
55

PROC proce s s ( ) OF amp
SUPER s e l f . p roce s s ( )
s e l f . output (ID MAIN , ! s e l f . main ( ) ∗ s e l f . ga in )

ENDPROC
60

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−+
| END: amp . e |
+==========================================================================∗/

7 Source/bandfilter.e

/∗==========================================================================+
| b and f i l t e r . e |
| Ef f e c t base c l a s s ” b a nd f i l t e r ” |
| Adds a parameter ”bandwidth ” , used by bandpass and bandre j e c t |

5 +−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

OPT MODULE, PREPROCESS

MODULE ’∗ defs ’ , ’∗ f i l t e r ’ , ’∗ l i nk ’ , ’∗ s t r i ng ’ , ’∗ value ’
10

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

EXPORT OBJECT band f i l t e r OF f i l t e r
PUBLIC

15 band : LONG −> bandwidth (Hz)
ENDOBJECT
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PROC c l a s s ( ) OF band f i l t e r IS ’ b and f i l t e r ’

20 /∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC new( l i s t , name) OF band f i l t e r
SUPER s e l f . new( l i s t , name)
s e l f . f r e q := 440 .0

25 s e l f . band := 50 .0
s e l f . s e t r e c a l c ( )
s e l f . r e s e t ( )

ENDPROC

30 /∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC param2id ( s t r ) OF band f i l t e r
IF strcmp (IDS BANDWIDTH, s t r ) THEN RETURN ID BANDWIDTH

ENDPROC SUPER s e l f . param2id ( s t r )
35

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC id2param ( id ) OF band f i l t e r
IF id = ID BANDWIDTH THEN RETURN IDS BANDWIDTH

40 ENDPROC SUPER s e l f . id2param ( id )

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC paramtype ( id ) OF band f i l t e r
45 IF id = ID BANDWIDTH THEN RETURN TYPENUMBER

ENDPROC SUPER s e l f . paramtype ( id )

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

50 PROC se t ( id , data ) OF band f i l t e r
IF id = ID BANDWIDTH

IF ! data <= 0.0 THEN Throw(ERR BAD RANGE, id )
s e l f . band := data
s e l f . s e t r e c a l c ( )

55 ELSE
SUPER s e l f . s e t ( id , data )

ENDIF
ENDPROC

60 /∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC get ( id ) OF band f i l t e r
IF id = ID BANDWIDTH THEN RETURN s e l f . band

ENDPROC SUPER s e l f . get ( id )
65

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−+
| END: b and f i l t e r . e |
+==========================================================================∗/

8 Source/bandpass.e

/∗==========================================================================+
| bandpass . e |
| Ef f e c t c l a s s ”bandpass ” , band pass f i l t e r |
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+−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/
5

OPT MODULE, PREPROCESS

MODULE ’∗ defs ’ , ’∗ band f i l t e r ’ , ’∗ l i nk ’

10 EXPORT OBJECT bandpass OF band f i l t e r
ENDOBJECT

PROC c l a s s ( ) OF bandpass IS ’ bandpass ’

15 PROC new( l i s t , name) OF bandpass
SUPER s e l f . new( l i s t , name)
s e l f . s e t r e c a l c ( )
s e l f . r e s e t ( )

ENDPROC
20

PROC r e c a l c ( ) OF bandpass
DEF c , d , in : PTR TO l i n k
SUPER s e l f . r e c a l c ( )
in := s e l f . ge t input (ID MAIN)

25 c := ! 1 .0 / Ftan ( ! PI ∗ s e l f . band / in . r a t e )
d := ! 2 .0 ∗ Fcos ( ! PI2 ∗ s e l f . f r e q / in . r a t e )
s e l f . a0 := ! 1 .0 / ( ! 1 . 0 + c )
s e l f . a1 := 0 .0
s e l f . a2 := ! − s e l f . a0

30 s e l f . b1 := ! c ∗ d ∗ s e l f . a0
s e l f . b2 := ! ( ! 1 . 0 − c ) ∗ s e l f . a0

ENDPROC

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−+
35 | END: bandpass . e |

+==========================================================================∗/

9 Source/bandreject.e

/∗==========================================================================+
| bandre j ec t . e |
| Ef f e c t c l a s s ” bandre j ec t ” , band r e j e c t f i l t e r |
+−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

5

OPT MODULE, PREPROCESS

MODULE ’∗ defs ’ , ’∗ band f i l t e r ’ , ’∗ l i nk ’

10 EXPORT OBJECT bandre j ec t OF band f i l t e r
ENDOBJECT

PROC c l a s s ( ) OF bandre j ec t IS ’ bandre ject ’

15 PROC new( l i s t , name) OF bandre j ec t
SUPER s e l f . new( l i s t , name)
s e l f . s e t r e c a l c ( )
s e l f . r e s e t ( )

ENDPROC
20

PROC r e c a l c ( ) OF bandre j ec t
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DEF c , d , in : PTR TO l i n k
SUPER s e l f . r e c a l c ( )
in := s e l f . ge t input (ID MAIN)

25 c := ! Ftan ( ! PI ∗ s e l f . band / in . r a t e )
d := ! 2 .0 ∗ Fcos ( ! PI2 ∗ s e l f . f r e q / in . r a t e )
s e l f . a0 := ! 1 .0 / ( ! 1 . 0 + c )
s e l f . a1 := ! −d ∗ s e l f . a0
s e l f . a2 := ! s e l f . a0

30 s e l f . b1 := ! − s e l f . a1
s e l f . b2 := ! ( ! c − 1 . 0 ) ∗ s e l f . a0

ENDPROC

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−+
35 | END: bandre j ec t . e |

+==========================================================================∗/

10 Source/.build

#===========================================================================#
# . bu i ld #
# Build f i l e #
# #

5 # s t a r t bu i ld everyth ing ( d e f au l t t a r g e t ) #
# clean remove output f i l e s #
# <...> bu i ld that module ( l i s t e d in a l phab e t i c a l order ) #
# #
#−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−#

10

s t a r t : main t e s t c b u f f e r t e s t rnd e2txt . s c r i p t e2 txt sub . s c r i p t
; Echo ”∗ nJoin ing sourc e s to p r i n t . . . ∗ n”
; Execute e2txt . s c r i p t
Echo ”∗nMaking d i s t r i b u t i o n . . . ∗ n”

15 Copy main /SLab
Copy SLab . i n f o /SLab . i n f o
Echo ”∗ nAll b u i l t !∗n”

#−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−#
20

c l ean :
Echo ”Cleaning . . . ”
Delete QUIET #?.m main t e s t c b u f f e r t e s t rnd
Echo ”Al l c l eaned ! ”

25

#−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−#

add .m: add . e de f s .m inmout1 .m debug .m
Echo ”add . e”

30 EC QUIET add . e

amp .m: amp . e de f s .m in1out1 .m s t r i n g .m value .m debug .m
Echo ”amp . e”
EC QUIET amp . e

35

b and f i l t e r .m: b a nd f i l t e r . e d e f s .m f i l t e r .m l i n k .m s t r i n g .m value .m debug .m
Echo ” b and f i l t e r . e”
EC QUIET band f i l t e r . e

50
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40 bandpass .m: bandpass . e b a nd f i l t e r .m de f s .m l i n k .m debug .m
Echo ”bandpass . e”
EC QUIET bandpass . e

bandre j ec t .m: bandre j ec t . e b a nd f i l t e r .m de f s .m l i n k .m debug .m
45 Echo ” bandre j ec t . e”

EC QUIET bandre j ec t . e

c bu f f e r .m: c bu f f e r . e debug .m
Echo ” cbu f f e r . e”

50 EC QUIET cbu f f e r . e

c l a s snode .m: c l a s snode . e l i s t .m debug .m
Echo ” c l a s snode . e”
EC QUIET c la s snode . e

55

c l i .m: c l i . e d e f s .m ke rne l .m l i s t .m s t r i n g .m value .m debug .m
Echo ” c l i . e”
EC QUIET c l i . e

60 constant .m: constant . e d e f s .m in0out1 .m s t r i n g .m value .m debug .m
Echo ” constant . e”
EC QUIET constant . e

conta ine r .m: conta ine r . e d e f s .m e f f e c t .m hack .m l i s t .m debug .m
65 Echo ” conta ine r . e”

EC QUIET conta ine r . e

copy .m: copy . e d e f s .m in1out1 .m debug .m
Echo ”copy . e”

70 EC QUIET copy . e

debug .m: debug . e
Echo ”debug . e”
EC QUIET debug . e

75

de f s .m: de f s . e
Echo ” de f s . e”
EC QUIET de f s . e

80 delay .m: de lay . e c bu f f e r .m de f s .m in1out1 .m l i n k .m s t r i n g .m value .m debug .m
Echo ” de lay . e”
EC QUIET delay . e

echo .m: echo . e add .m amp .m conta ine r .m de f s .m fbde lay .m feedback .m s p l i t .m ⤦
Ç s t r i n g .m debug .m

85 Echo ”echo . e”
EC QUIET echo . e

e f f e c t .m: e f f e c t . e d e f s .m l i s t .m debug .m
Echo ” e f f e c t . e”

90 EC QUIET e f f e c t . e

exp .m: exp . e d e f s .m debug .m
Echo ”exp . e”
EC QUIET exp . e

95
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f bde lay .m: fbde lay . e c bu f f e r .m de f s .m delay .m debug .m
Echo ” fbde lay . e”
EC QUIET fbde lay . e

100 f eedback .m: feedback . e d e f s .m in1out1 .m debug .m
Echo ” feedback . e”
EC QUIET feedback . e

f i l e .m: f i l e . e
105 Echo ” f i l e . e”

EC QUIET f i l e . e

f i l t e r .m: f i l t e r . e d e f s .m in1out1 .m s t r i n g .m value .m debug .m
Echo ” f i l t e r . e”

110 EC QUIET f i l t e r . e

hack .m: hack . e
Echo ”hack . e”
EC QUIET hack . e

115

h a l f r e c t i f y .m: h a l f r e c t i f y . e d e f s .m in1out1 .m debug .m
Echo ” h a l f r e c t i f y . e”
EC QUIET h a l f r e c t i f y . e

120 highpass .m: h ighpass . e d e f s .m f i l t e r .m l i n k .m debug .m
Echo ” highpass . e”
EC QUIET highpass . e

i f f 8 s v x f f .m: i f f 8 s v x f f . e
125 Echo ” i f f 8 s v x f f . e”

EC QUIET i f f 8 s v x f f . e

in0out1 .m: in0out1 . e d e f s .m e f f e c t .m l i n k .m s t r i n g .m debug .m
Echo ” in0out1 . e”

130 EC QUIET in0out1 . e

in1out0 .m: in1out0 . e d e f s .m e f f e c t .m l i n k .m s t r i n g .m debug .m
Echo ” in1out0 . e”
EC QUIET in1out0 . e

135

in1out1 .m: in1out1 . e d e f s .m e f f e c t .m l i n k .m s t r i n g .m debug .m
Echo ” in1out1 . e”
EC QUIET in1out1 . e

140 in1outm .m: in1outm . e de f s .m e f f e c t .m l i n k .m s t r i n g .m value .m debug .m
Echo ” in1outm . e”
EC QUIET in1outm . e

inmout1 .m: inmout1 . e d e f s .m e f f e c t .m l i n k .m s t r i n g .m value .m debug .m
145 Echo ” inmout1 . e”

EC QUIET inmout1 . e

i nv e r t .m: i nv e r t . e d e f s .m in1out1 .m debug .m
Echo ” i nv e r t . e”

150 EC QUIET inv e r t . e

k e rne l .m: ke rne l . e add .m amp .m bandpass .m bandre j ec t .m c la s snode .m constant .m ⤦
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Ç copy .m de f s .m delay .m echo .m e f f e c t .m exp .m fbde lay .m feedback .m hack .m ⤦
Ç h a l f r e c t i f y .m highpass .m inv e r t .m l i n k .m l i n k .m l i s t .m lowpass .m mul .m ⤦
Ç notch .m pr in t .m pu l s e .m ramp .m read8svx .m reads l ab .m r e c t i f y .m s c a l e .m ⤦
Ç s i n e .m s p l i t .m s t r i n g .m toparam .m t r i a n g l e .m value .m vox .m whi t eno i s e .m ⤦
Ç wri te8svx .m wr i t e s l ab .m z f i l t e r .m debug .m

Echo ” ke rne l . e”
EC QUIET ke rne l . e

155

l i n k .m: l i n k . e d e f s .m e f f e c t .m debug .m
Echo ” l i n k . e”
EC QUIET l i n k . e

160 l i n k .m: l i n k . e l i n k .m
Echo ” l i n k . e”
EC QUIET l i n k . e

l i s t .m: l i s t . e s t r i n g .m debug .m
165 Echo ” l i s t . e”

EC QUIET l i s t . e

lowpass .m: lowpass . e d e f s .m f i l t e r .m l i n k .m debug .m
Echo ” lowpass . e”

170 EC QUIET lowpass . e

# LARGE code / data model needed as executab l e s i z e > 32 kB
main : main . e c l i .m rnd .m s t r i n g .m debug .m

Echo ”main . e”
175 EC QUIET LARGE main . e

mul .m: mul . e d e f s .m inmout1 .m debug .m
Echo ”mul . e”
EC QUIET mul . e

180

notch .m: notch . e conta ine r .m de f s .m s t r i n g .m z f i l t e r .m debug .m
Echo ”notch . e”
EC QUIET notch . e

185 osc .m: osc . e d e f s .m in0out1 .m s t r i n g .m value .m debug .m
Echo ” osc . e”
EC QUIET osc . e

p r i n t .m: p r i n t . e d e f s .m in1out0 .m l i s t .m debug .m
190 Echo ” p r in t . e”

EC QUIET pr in t . e

pu l s e .m: pu l s e . e d e f s .m osc .m s t r i n g .m value .m debug .m
Echo ” pu l s e . e”

195 EC QUIET pu l se . e

ramp .m: ramp . e osc .m
Echo ”ramp . e”
EC QUIET ramp . e

200

read .m: read . e d e f s .m in0out1 .m s t r i n g .m value .m debug .m
Echo ” read . e”
EC QUIET read . e
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205 read8svx .m: read8svx . e d e f s .m f i l e .m read .m i f f 8 s v x f f .m debug .m
Echo ” read8svx . e”
EC QUIET read8svx . e

r eads l ab .m: r eads l ab . e d e f s .m f i l e .m read .m s l a b f f .m debug .m
210 Echo ” reads l ab . e”

EC QUIET reads l ab . e

r e c t i f y .m: r e c t i f y . e d e f s .m in1out1 .m debug .m
Echo ” r e c t i f y . e”

215 EC QUIET r e c t i f y . e

rnd .m: rnd . e
Echo ”rnd . e”
EC QUIET rnd . e

220

s c a l e .m: s c a l e . e d e f s . e in1out1 .m
Echo ” s c a l e . e”
EC QUIET s c a l e . e

225 s i n e .m: s i n e . e osc .m
Echo ” s i n e . e”
EC QUIET s i n e . e

s l a b f f .m: s l a b f f . e
230 Echo ” s l a b f f . e”

EC QUIET s l a b f f . e

s p l i t .m: s p l i t . e d e f s .m in1outm .m debug .m
Echo ” s p l i t . e”

235 EC QUIET s p l i t . e

s t r i n g .m: s t r i n g . e debug .m
Echo ” s t r i n g . e”
EC QUIET s t r i n g . e

240

t e s t c b u f f e r : t e s t c b u f f e r . e c bu f f e r .m debug .m
Echo ” t e s t c b u f f e r . e”
EC QUIET t e s t c b u f f e r . e

245 t e s t rnd : t e s t rnd . e rnd .m
Echo ” t e s t rnd . e”
EC QUIET te s t rnd . e

toparam .m: toparam . e de f s .m e f f e c t .m in1out0 .m s t r i n g .m value .m debug .m
250 Echo ”toparam . e”

EC QUIET toparam . e

t r i a n g l e .m: t r i a n g l e . e osc .m
Echo ” t r i a n g l e . e”

255 EC QUIET t r i a n g l e . e

va lue .m: va lue . e debug .m
Echo ” value . e”
EC QUIET value . e

260

vox .m: vox . e d e f s .m in1out1 .m s t r i n g .m value .m debug .m
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Echo ”vox . e”
EC QUIET vox . e

265 whi t eno i s e .m: wh i t eno i s e . e d e f s .m in0out1 .m rnd .m debug .m
Echo ”wh i t eno i s e . e”
EC QUIET whi t eno i s e . e

wr i t e .m: wr i t e . e d e f s .m in1out0 .m s t r i n g .m value .m debug .m
270 Echo ”wr i t e . e”

EC QUIET wr i t e . e

wr i te8svx .m: wr i te8svx . e d e f s .m f i l e .m i f f 8 s v x f f .m rnd .m wr i t e .m debug .m
Echo ”wr i te8svx . e”

275 EC QUIET wri te8svx . e

w r i t e s l ab .m: wr i t e s l ab . e de f s .m f i l e .m s l a b f f .m wr i t e .m debug .m
Echo ” wr i t e s l ab . e”
EC QUIET wr i t e s l ab . e

280

# l o t s o f l oops => OPTImise
z f i l t e r .m: z f i l t e r . e c bu f f e r .m de f s .m in1out1 .m l i n k .m s t r i n g .m value .m debug .m

Echo ” z f i l t e r . e”
EC QUIET OPTI z f i l t e r . e

285

#−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−#
# END: . bu i ld #
#===========================================================================#

11 Source/cbuffer.e

/∗==========================================================================+
| cbu f f e r . e |
| Ci r cu l a r bu f f e r c l a s s |
| |

5 | For c o r r e c t behaviour with shor t l engths , wr i t e read next should be done |
| in that order ( or r o t a t i on : rnw , nwr ) |
| |
| cbu f f e r . new( l ength ) cons t ructor , l ength i s f l o a t , 1 . 5 t imes the |
| l ength i s a l l o c a t e d |

10 | cbu f f e r . end ( ) d e s t ru c t o r |
| cbu f f e r . l ength ( ) get the cur rent l ength ( f l o a t ) |
| cbu f f e r . s e t l e ng th ( l ength ) s e t the l ength ( f l o a t ) , read po s i t i o n i s |
| changed , memory i s r e a l l o c a t e d i f nece s sa ry |
| cbu f f e r . read ( ) read from the cur rent read pos i t i on , us ing |

15 | l i n e a r i n t e r p o l a t i o n |
| cbu f f e r . r e ad r e l ( o f f s e t ) read r e l a t i v e ( o f f s e t i s f l o a t ) to the |
| cur rent read pos i t i on , us ing l i n e a r |
| i n t e r p o l a t i o n ( − l ength <= o f f s e t <= 0 . 0 ) |
| cbu f f e r . wr i t e ( data ) s t o r e ( f l o a t ) at the cur rent wr i t e p o s i t i o n |

20 | cbu f f e r . next ( ) move to next po s i t i o n in bu f f e r |
| cbu f f e r . c l e a r ( ) r e s e t contents to zero |
| |
+−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

25 OPT MODULE, PREPROCESS

MODULE ’∗debug ’
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RAISE ”MEM” IF New( ) = NIL −> Automatic except i on s
30

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

EXPORT OBJECT cbu f f e r
PRIVATE

35 maxlen : LONG −> i n t e g e r phy s i c a l l ength
l : LONG −> f l o a t l ength
r : LONG −> f l o a t read po s i t i o n
w : LONG −> i n t e g e r wr i t e p o s i t i o n
data : PTR TO LONG −> f l o a t s

40 ENDOBJECT

−> E cannot have f l o a t cons tant s
#de f i n e MINLEN 16 .0

45 /∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC new( length ) OF cbu f f e r −> l ength i s f l o a t
a s s e r t ( ! l ength >= 0 .0 , ’ c bu f f e r . new ’ )
s e l f . maxlen := ! ( ! l ength ∗ 1 . 5 ) + MINLEN ! −> a l low space f o r growth

50 s e l f . l := length
s e l f . r := s e l f . maxlen − 1 ! − l ength
s e l f .w := s e l f . maxlen − 1
s e l f . data := New( s e l f . maxlen ∗ SIZEOF LONG)

ENDPROC
55

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC end ( ) OF cbu f f e r IS Dispose ( s e l f . data )

60 /∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC length ( ) OF cbu f f e r IS s e l f . l

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/
65

PROC se t l e ng th ( l ength ) OF cbu f f e r −> l ength i s f l o a t
DEF newmaxlen , newdata : PTR TO LONG, i , o f f s e t
a s s e r t ( ! l ength >= 0 .0 , ’ c bu f f e r . s e t l eng th ’ )
IF ! l ength ! < ( s e l f . maxlen − 2)

70 −> Enough space , change po in t e r
s e l f . r := wrapf ( ! s e l f . r + s e l f . l − l ength , s e l f . maxlen ! )
s e l f . l := length

ELSE
−> Not enough space , a l l o c a t e new

75 newmaxlen := ! ( ! l ength ∗ 1 . 5 ) + MINLEN !
newdata := New(newmaxlen ∗ SIZEOF LONG)
−> Copy data up to ( i n c l ud ing ) wr i t e p o s i t i o n to end o f bu f f e r
−> ( Correct , c on s id e r new index f o r max i )
o f f s e t := newmaxlen − s e l f .w − 1

80 FOR i := 0 TO s e l f .w
newdata [ o f f s e t + i ] := s e l f . data [ i ]

ENDFOR
−> Copy data a f t e r wr i t e po in t e r ( i e , long be f o r e ) to be f o r e ⤦

Ç that
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−> ( Correct , c on s id e r new index f o r max i , and above index at i ⤦
Ç = 0)

85 o f f s e t := newmaxlen − s e l f .w − 1 − s e l f . maxlen
FOR i := s e l f .w + 1 TO s e l f . maxlen − 1

newdata [ o f f s e t + i ] := s e l f . data [ i ]
ENDFOR
−> Clear r e s t o f bu f f e r

90 FOR i := 0 TO newmaxlen − s e l f .w − s e l f . maxlen − 2
newdata [ i ] := 0 .0

ENDFOR
−> Replace o ld with new
Dispose ( s e l f . data )

95 s e l f . maxlen := newmaxlen
s e l f . data := newdata
s e l f . r := newmaxlen − 1 ! − l ength
s e l f .w := newmaxlen − 1
s e l f . l := length

100 ENDIF
ENDPROC

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

105 PROC read ( ) OF cbu f f e r −> us ing l i n e a r i n t e r p o l a t i o n
DEF x0 , x1 , y0 , y1 , dx , dy , y
a s s e r t ( s e l f . data , ’ c bu f f e r . read . data ’ )
x0 := ! wrapf ( F f l o o r ( s e l f . r ) , s e l f . maxlen ! ) !
x1 := ! wrapf ( F c e i l ( s e l f . r ) , s e l f . maxlen ! ) !

110 y0 := s e l f . data [ x0 ]
y1 := s e l f . data [ x1 ]
dx := ! s e l f . r − Ff l oo r ( s e l f . r )
dy := ! y1 − y0
y := ! y0 + ( ! dx ∗ dy )

115 ENDPROC y

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC read r e l ( o f f s e t ) OF cbu f f e r −> us ing l i n e a r i n t e r p o l a t i o n
120 DEF r , x0 , x1 , y0 , y1 , dx , dy , y

a s s e r t ( ( ! − s e l f . l<=o f f s e t ) AND ( ! o f f s e t <=0.0) , ’ c bu f f e r . r e ad r e l . o f f s e t ’ )
a s s e r t ( s e l f . data , ’ c bu f f e r . r e ad r e l . data ’ )
r := ! s e l f . r − o f f s e t
x0 := ! wrapf ( F f l o o r ( r ) , s e l f . maxlen ! ) !

125 x1 := ! wrapf ( F c e i l ( r ) , s e l f . maxlen ! ) !
y0 := s e l f . data [ x0 ]
y1 := s e l f . data [ x1 ]
dx := ! r − Ff l oo r ( r )
dy := ! y1 − y0

130 y := ! y0 + ( ! dx ∗ dy )
ENDPROC y

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

135 PROC wr i t e ( data ) OF cbu f f e r
s e l f . data [ s e l f .w] := data

ENDPROC

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/
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140

PROC next ( ) OF cbu f f e r
s e l f .w := wrapi ( s e l f .w + 1 , s e l f . maxlen )
s e l f . r := wrapf ( ! s e l f . r + 1 . 0 , s e l f . maxlen ! )
a s s e r t ( (0 <= s e l f .w) AND ( s e l f .w < s e l f . maxlen ) , ’ c bu f f e r . next .w’ )

145 a s s e r t ( ( ! 0 . 0 <= s e l f . r ) AND ( ! s e l f . r < ( s e l f . maxlen ! ) ) , ’ c bu f f e r . next . r⤦
Ç ’ )

ENDPROC

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

150 PROC c l e a r ( ) OF cbu f f e r
DEF i
a s s e r t ( s e l f . data , ’ c bu f f e r . c l e a r ’ )
FOR i := 0 TO s e l f . maxlen − 1 DO s e l f . data [ i ] := 0 .0

ENDPROC
155

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

−> Wrap a f l o a t to between 0 .0 and length ( l ength > 0 . 0 )
PROC wrapf (x , l ength )

160 a s s e r t ( ! l ength > 0 . 0 , ’ c bu f f e r . wrapf . length ’ )
WHILE ! x >= length

x := ! x − l ength
ENDWHILE
WHILE ! x < 0 .0

165 x := ! x + length
ENDWHILE
a s s e r t ( ( ! 0 . 0 <= x) AND ( ! x < l ength ) , ’ c bu f f e r . wrapf . x ’ )

ENDPROC x

170 /∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

−> Wrap an i n t e g e r to between 0 and length ( l ength > 0)
PROC wrapi (x , l ength )

a s s e r t ( l ength > 0 , ’ c bu f f e r . wrapi . length ’ )
175 WHILE x >= length

x := x − l ength
ENDWHILE
WHILE x < 0

x := x + length
180 ENDWHILE

a s s e r t ( (0 <= x) AND (x < l ength ) , ’ c bu f f e r . wrapi . x ’ )
ENDPROC x

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−+
185 | END: cbu f f e r . e |

+==========================================================================∗/

12 Source/classnode.e

/∗==========================================================================+
| c l a s snode . e |
| Node s t r u c tu r e f o r l i s t o f c l a s s e s |
| |

5 | c l a s snode . newf address o f a func t i on with arguments ” l i s t , name” that |
| r e tu rn s a new ob j e c t o f that c l a s s , l i nked in to l i s t |
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+−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

OPT MODULE
10

MODULE ’∗ l i s t ’

EXPORT OBJECT c la s snode OF node
newf : LONG

15 ENDOBJECT

/∗
c l a s snode . newf := { eg}
PROC eg ( l i s t , name , o = NIL : PTR TO eg ) IS NEW o . new( l i s t , name)

20 ∗/

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−+
| END: c l a s snode . e |
+==========================================================================∗/

13 Source/cli.e

/∗==========================================================================+
| c l i . e |
| Command l i n e i n t e r f a c e |
| |

5 | c l i . new( in , out , e r r ) con s t ruc to r ; in , out , e r r are f i l e s f o r t ex t IO |
| c l i . end ( ) d e s t ru c t o r ( c a l l e d v ia END) |
| c l i . parse ( s t r ) parse and execute a command s t r i ng , terminated |
| in ”\n ” ; the s t r i n g i s modi f i ed ; r e tu rn s TRUE |
| i f command was qu i t |

10 | |
| The f o l l ow i ng should not be c a l l e d from out s id e the c l a s s |
| |
| c l i . parsenew ( s t r ) \ parse the arguments ( s t r ) f o r the command |
| c l i . p a r s ed e l e t e ( s t r ) | and execute i t |

15 | c l i . p a r s e l i n k ( s t r ) | |
| c l i . p a r s e s e t ( s t r ) | |
| c l i . parserun ( s t r ) | |
| c l i . p a r s e l i s t ( s t r ) / |
| c l i . g e t i d en t ( s t r ) ( d e s t r u c t i v e l y ) get an i d e n t i f i e r , r e tu rn ing |

20 | the i d e n t i f i e r and the new l o c a t i o n |
| c l i . e r r o r ( err , i n f o = 0) p r i n t an e r r o r message f o r an e r r o r id |
| c l i . r eadargs ( template , args , s t r , n ) |
| i n t e r f a c e to dos . l i b r a r y /ReadArgs ( ) , assumes |
| n s imple s t r i n g s to be copied ( uses S t r ing ( ) to |

25 | a l l o c a t e so f r e e with DisposeLink ( ) |
| |
+−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

OPT MODULE, PREPROCESS
30

RAISE ”MEM” IF St r ing ( ) = NIL

MODULE ’∗ defs ’ , ’∗ kerne l ’ , ’∗ l i s t ’ , ’∗ s t r i ng ’ , ’∗ value ’ , ’∗ e f f e c t ’ , ’∗ hack ’ ,
’ dos/dos ’ , ’ dos/ rdargs ’ , ’ t o o l s / ctype ’ , ’∗debug ’

35

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/
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EXPORT OBJECT c l i
PRIVATE

40 ke rne l : PTR TO kerne l
ENDOBJECT

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

45 PROC new ( ) OF c l i
NEW s e l f . k e rne l . new ( )

ENDPROC

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/
50

PROC end ( ) OF c l i
IF s e l f . k e rne l THEN END s e l f . k e rne l

ENDPROC

55 /∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC parse ( s : PTR TO CHAR) OF c l i HANDLE
DEF com
−> St r i p white space

60 WHILE i s s p a c e ( s [ ] ) DO s++
−> Check f o r empty command
IF ( s [ 0 ] = 0) OR ( s [ 0 ] = ”\n”) THEN RETURN FALSE
−> Get command ( in l ength order f o r e f f i c i e n c y )
com , s := s e l f . g e t i d en t ( s )

65 IF strcmp ( ’ new ’ , com) ; s e l f . parsenew ( s )
ELSEIF strcmp ( ’ run ’ , com) ; s e l f . parserun ( s )
ELSEIF strcmp ( ’ set ’ , com) ; s e l f . p a r s e s e t ( s )
ELSEIF strcmp ( ’ l ink ’ , com) ; s e l f . p a r s e l i n k ( s )
ELSEIF strcmp ( ’ l i s t ’ , com) ; s e l f . p a r s e l i s t ( s )

70 ELSEIF strcmp ( ’ quit ’ , com) ; RETURN TRUE
ELSEIF strcmp ( ’ r e s e t ’ , com) ; s e l f . k e rne l . r e s e t ( )
ELSEIF strcmp ( ’ de l e t e ’ , com) ; s e l f . p a r s ed e l e t e ( s )
ELSE; Throw(ERRUNKNOWNCOMMAND, com)
ENDIF

75 EXCEPT
s e l f . e r r o r ( except ion , e x c ep t i on i n f o )

ENDPROC FALSE

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/
80

PROC parsenew ( s : PTR TO CHAR) OF c l i
DEF args [ 2 ] : ARRAY OF LONG
args [ 0 ] := NIL
args [ 1 ] := NIL

85 s e l f . r eadargs ( ’TYPE,NAME’ , args , s , 2)
s e l f . k e rne l . new ( args [ 0 ] , a rgs [ 1 ] )

ENDPROC

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/
90

PROC pa r s ed e l e t e ( s : PTR TO CHAR) OF c l i
DEF args [ 1 ] : ARRAY OF LONG
args [ 0 ] := NIL
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s e l f . r eadargs ( ’NAME’ , args , s , 1)
95 s e l f . k e rne l . d e l e t e ( args [ 0 ] )

ENDPROC

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

100 PROC pa r s e l i n k ( s : PTR TO CHAR) OF c l i
DEF args [ 4 ] : ARRAY OF LONG
args [ 0 ] := NIL
args [ 1 ] := NIL
args [ 2 ] := NIL

105 args [ 3 ] := NIL
s e l f . r eadargs ( ’FROM,OUTPUT,TO,INPUT’ , args , s , 4)

s e l f . k e rne l . l i n k ( args [ 0 ] , a rgs [ 1 ] , a rgs [ 2 ] , a rgs [ 3 ] )
ENDPROC

110 /∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC par s e s e t ( s : PTR TO CHAR) OF c l i
DEF args [ 3 ] : ARRAY OF LONG, type , num, len , va l : value ,

op : va lue ob jpar t , opargs [ 2 ] : ARRAY OF LONG, s t r : PTR TO CHAR
115 args [ 0 ] := NIL

args [ 1 ] := NIL
args [ 2 ] := NIL
s e l f . r eadargs ( ’NAME,PARAM,VAL/F’ , args , s , 3) −> /F = r e s t o f l i n e
va l . type := s e l f . k e rne l . paramtype ( args [ 0 ] , a rgs [ 1 ] )

120 type := va l . type
SELECT type
CASE TYPENUMBER

num, l en := RealVal ( args [ 2 ] )
IF l en <> StrLen ( args [ 2 ] ) THEN Throw(ERRBADNUMBER, args [ 2 ] )

125 va l . data := num
CASE TYPE STRING

val . data := args [ 2 ]
CASE TYPE OBJPART

−> put \n at end o f s t r i n g
130 s t r := StrCopy ( St r ing ( StrLen ( args [ 2 ] ) + 2) , args [ 2 ] )

s t r [ StrLen ( args [ 2 ] ) + 1 ] := 0
s t r [ StrLen ( args [ 2 ] ) ] := ”\n”
opargs [ 0 ] := NIL
opargs [ 1 ] := NIL

135 s e l f . r eadargs ( ’NAME,PART’ , opargs , s t r , 2)
op . obj := opargs [ 0 ]
op . pid := opargs [ 1 ]
va l . data := op

DEFAULT
140 Throw(ERR BAD PARAMTYPE, type )

ENDSELECT
s e l f . k e rne l . s e t ( args [ 0 ] , a rgs [ 1 ] , va l )

ENDPROC

145 /∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC parserun ( s : PTR TO CHAR) OF c l i
WHILE i s s p a c e ( s [ 0 ] ) AND ( s [ 0 ] <> ”\n”) DO s++
IF ( s [ 0 ] <> ”\n”) AND ( s [ 0 ] <> 0) THEN Throw(ERR BAD ARGS, ’ ’ )

150 s e l f . k e rne l . run ( )
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ENDPROC

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

155 PROC p a r s e l i s t ( s t r ) OF c l i −> compi ler warning , unre f e r enced s t r
DEF l i s t : PTR TO l i s t , node : PTR TO node , args [ 1 ] : ARRAY OF LONG,

fx : PTR TO e f f e c t
args [ 0 ] := NIL
s e l f . r eadargs ( ’NAME’ , args , s t r , 1)

160 IF strcmp ( ’ . ’ , a rgs [ 0 ] )
PrintF ( ’∗∗ Ef f e c t types :\n ’ )
l i s t := s e l f . k e rne l . c l a s s e s
node := l i s t . head . next
WHILE node . next

165 PrintF ( ’∗∗\ t \ s \n ’ , node . name)
node := node . next

ENDWHILE
ELSEIF strcmp ( ’∗ ’ , a rgs [ 0 ] )

PrintF ( ’∗∗ Ef f e c t ob j e c t s :\n ’ )
170 l i s t := s e l f . k e rne l . o b j e c t s

node := l i s t . head . next
WHILE node . next

PrintF ( ’∗∗\ t \ s \n ’ , node . name)
node := node . next

175 ENDWHILE
ELSE

−> L i s t ob j e c t parameters / type p r op e r t i e s ?
node := f i nd ( s e l f . k e rne l . ob j ec t s , a rgs [ 0 ] )
IF node

180 fx := nod e 2 e f f e c t ( node )
PrintF ( ’∗∗ Name : ”\ s ”\n∗∗ Type : ”\ s ”\n ’ , node . name , fx .⤦

Ç c l a s s ( ) )
ENDIF

ENDIF
ENDPROC

185

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC ge t id en t ( s : PTR TO CHAR) OF c l i
DEF ident

190 i d ent := s
IF i s a l pha ( s [ 0 ] )

s++
WHILE isalnum ( s [ 0 ] ) OR ( s [ 0 ] = ” ”) DO s++
IF i s s p a c e ( s [ 0 ] ) OR ( s [ 0 ] = 0) OR ( s [ 0 ] = ”\n”)

195 s [ 0 ] := 0
s++
RETURN ident , s

ENDIF
−> s i s at bad char

200 ENDIF
Throw(ERR BAD COMMAND LINE, s )

ENDPROC

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/
205

−> NB: dos . l i b r a r y /ReadArgs ( ) expect s the s t r i n g to be \n terminated
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−> The data ∗must∗ be copied from the s t r u c tu r e returned be f o r e f r e e i n g
PROC readargs ( template , args : PTR TO LONG, s t r i ng , n) OF c l i

DEF rdargs : PTR TO rdargs , i
210 IF rdargs := AllocDosObject (DOS RDARGS, NIL)

rdargs . source . bu f f e r := s t r i n g
rdargs . source . l ength := StrLen ( s t r i n g )
IF ReadArgs ( template , args , rdargs )

FOR i := 0 TO n − 1 −> copy s t r i n g
215 args [ i ] := StrCopy ( St r ing ( StrLen ( args [ i ] ) + 1) , ⤦

Ç args [ i ] )
ENDFOR
FreeArgs ( rdargs )

FreeDosObject (DOS RDARGS, rdargs )
ELSE

220 FreeDosObject (DOS RDARGS, rdargs )
s e l f . e r r o r (ERR BAD ARGS, template )

ENDIF
ELSE

Raise (ERR ALLOC RDARGS)
225 ENDIF

ENDPROC

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

230 PROC er r o r ( e r ror , data = NIL : PTR TO CHAR) OF c l i
DEF prompt , data l : PTR TO LONG, fx : PTR TO e f f e c t , id
prompt := ’∗∗ Error : ’
SELECT e r r o r
CASE ERR OK

235 −> No e r r o r
CASE ERR NO SUCH CLASS

PrintF ( ’\ s e f f e c t type ”\ s ” not found\n ’ , prompt , data )
CASE ERR NO SUCH NAME

PrintF ( ’\ s e f f e c t ob j e c t ”\ s ” not found\n ’ , prompt , data )
240 CASE ERR NAMEALREADYUSED

PrintF ( ’\ s e f f e c t ob j e c t ”\ s ” a l r eady e x i s t s \n ’ , prompt , data )
CASE ERR NO SUCH INPUT

PrintF ( ’\ s input ”\ s ” not found\n ’ , prompt , data )
CASE ERR NO SUCH OUTPUT

245 PrintF ( ’\ soutput ”\ s ” not found\n ’ , prompt , data )
CASE ERR NO SUCH PARAM

PrintF ( ’\ sparameter ”\ s ” not found\n ’ , prompt , data )
CASE ERRUNKNOWNCOMMAND

PrintF ( ’\ sunknown command ”\ s ”\n ’ , prompt , data )
250 CASE ERR BAD ARGS

PrintF ( ’\ sbad arguments f o r ”\ s ”\n ’ , prompt , data )
CASE ERR BADRANGE

PrintF ( ’\ sparameter out o f a l lowed range \n ’ , prompt )
CASE ERRPARAMNOTNUMBER

255 PrintF ( ’\ sparameter ”\ s ” i s not numeric\n ’ , prompt , data )
CASE ERR BAD COMMAND LINE

−> Print one charac t e r as unexpected
PrintF ( ’\ sunexpected charac t e r ”\ s ”\n ’ , prompt , [ data [ 0 ] , 0 ] : ⤦

Ç CHAR)
CASE ERRBADNUMBER

260 PrintF ( ’\ snumber expected ”\ s ”\n ’ , prompt , data )
CASE ERRCHECK
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PrintF ( ’\ s p r o c e s s i n g f a i l e d , check l i nkage \n ’ , prompt )
c l i e r r o r c h e c k c o n t a i n e r r e c u r s e : −> f ake r e cu r s i on f o r conta ine r

data l := data
265 e r r o r := data l [ 0 ]

fx := data l [ 1 ]
id := data l [ 2 ]
SELECT e r r o r
CASE CHECKOK

270 PrintF ( ’\ sno e r r o r ?\n ’ , prompt )
CASE CHECKOUTPUTNOTCONNECTED

PrintF ( ’\ soutput ”\ s ” o f ”\ s ” not connected \n ’ , prompt ,
fx . id2output ( id ) , fx . node .⤦

Ç name)
CASE CHECK INPUT NOT CONNECTED

275 PrintF ( ’\ s input ”\ s ” o f ”\ s ” not connected \n ’ , prompt ,
fx . id2 input ( id ) , fx . node .⤦

Ç name)
CASE CHECK INVALID PARAM

PrintF ( ’\ sparameter ”\ s ” o f ”\ s ” i s i n v a l i d \n ’ , prompt ,
fx . id2param ( id ) , fx . node .⤦

Ç name)
280 CASE CHECK BAD INPUT RATE

PrintF ( ’\ s input ”\ s ” o f ”\ s ” has a bad ra t e \n ’ , prompt ,
fx . id2 input ( id ) , fx . node .⤦

Ç name)
CASE CHECK INTERNAL ERROR

PrintF ( ’\ s i n t e r n a l e r r o r \n ’ , prompt )
285 CASE CHECKCONTAINER

PrintF ( ’\ s e r r o r in ”\ s ” :\n ’ , prompt , fx . node . name)
data := id −> f ake r e cu r s i on
JUMP c l i e r r o r c h e c k c o n t a i n e r r e c u r s e

DEFAULT
290 PrintF ( ’\ sunknown\n ’ )

ENDSELECT
DEFAULT

Throw( er ror , data )
ENDSELECT

295 ENDPROC

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−+
| END: c l i . e |
+==========================================================================∗/

14 Source/constant.e

/∗==========================================================================+
| constant . e |
| Ef f e c t c l a s s ” constant ” , outputs a constant , s e t by parameter ” value ” |
+−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

5

OPT MODULE, PREPROCESS

MODULE ’∗ defs ’ , ’∗ in0out1 ’ , ’∗ s t r i ng ’ , ’∗ value ’

10 /∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

EXPORT OBJECT constant OF in0out1
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PRIVATE
value : LONG

15 ENDOBJECT

PROC c l a s s ( ) OF constant IS ’ constant ’

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/
20

PROC new( l i s t , name) OF constant
SUPER s e l f . new( l i s t , name)
s e l f . va lue := 0 .0

ENDPROC
25

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC param2id ( s t r ) OF constant
ENDPROC IF strcmp (IDS VALUE, s t r ) THEN ID VALUE ELSE SUPER s e l f . param2id ( s t r )

30

PROC id2param ( id ) OF constant
ENDPROC IF id = ID VALUE THEN IDS VALUE ELSE SUPER s e l f . id2param ( id )

PROC paramtype ( id ) OF constant
35 ENDPROC IF id = ID VALUE THEN TYPENUMBER ELSE SUPER s e l f . paramtype ( id )

PROC get ( id ) OF constant
ENDPROC IF id = ID VALUE THEN s e l f . va lue ELSE SUPER s e l f . get ( id )

40 /∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC se t ( id , data ) OF constant
SELECT id
CASE ID VALUE; s e l f . va lue := data

45 DEFAULT; SUPER s e l f . s e t ( id , data )
ENDSELECT

ENDPROC

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/
50

PROC proce s s ( ) OF constant
SUPER s e l f . p roce s s ( )
s e l f . output (ID MAIN , s e l f . va lue )

ENDPROC
55

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−+
| END: constant . e |
+==========================================================================∗/

15 Source/container.e

/∗==========================================================================+
| conta ine r . e |
| Ef f e c t base c l a s s ” conta ine r ” |
| |

5 | Base c l a s s f o r e f f e c t s b u i l t up from othe r s . An i n t e r n a l l i s t i s kept o f |
| the e f f e c t ob j e c t s making up the compound e f f e c t . No inputs , outputs or |
| parameters are de f ined . Objects are the r e s p o n s i b i l i t y o f the conta iner , |
| which handles most f unc t i on s . Derived c l a s s e s add ob j e c t s and de l e ga t e |
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| inputs , outputs and parameters . |
10 | |

| See echo . e and notch . e f o r examples . |
| |
| Members are added us ing the pub l i c l i s t as an argument f o r new . |
| |

15 | Note : the f i x in ke rne l to move toparam ob j e c t s to the end o f the l i s t i s |
| not present , so they must be added l a s t . |
| |
| conta ine r . new( l i s t , name) i n i t i a l i s e s the i n t e r n a l l i s t o f members |
| conta ine r . end ( ) ends a l l members |

20 | conta ine r . c l e a r ( ) c l e a r s a l l members |
| conta ine r . r e s e t ( ) r e s e t s a l l members |
| conta ine r . p roce s s ( ) c a l l e d i f i s s o u r c e i s set , c a l l s p roce s s |
| f o r a l l members that have i s s o u r c e s e t |
| conta ine r . check ( ) checks a l l members that have i s s o u r c e s e t |

25 | |
+−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

OPT MODULE, PREPROCESS

30 MODULE ’∗ defs ’ , ’∗ e f f e c t ’ , ’∗ hack ’ , ’∗ l i s t ’

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

EXPORT OBJECT conta ine r OF e f f e c t
35 PUBLIC

l i s t : l i s t −> l i s t o f member ob j e c t s ( needed by der ived c l a s s e s )
ENDOBJECT

PROC c l a s s ( ) OF conta ine r IS ’ conta iner ’
40

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC new( l i s t , name) OF conta ine r
SUPER s e l f . new( l i s t , name)

45 new l i s t ( s e l f . l i s t )
ENDPROC

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

50 PROC end ( ) OF conta ine r
DEF n : PTR TO node , fx : PTR TO e f f e c t , t
n := s e l f . l i s t . head . next
WHILE ( t := n . next ) <> NIL

fx := nod e 2 e f f e c t (n)
55 END fx

n := t
ENDWHILE
SUPER s e l f . end ( )

ENDPROC
60

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC proce s s ( ) OF conta ine r
DEF n : PTR TO node , fx : PTR TO e f f e c t

65 SUPER s e l f . p roce s s ( )
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n := s e l f . l i s t . head . next
WHILE n . next <> NIL

fx := nod e 2 e f f e c t (n)
IF fx . i s s o u r c e ( ) THEN fx . p roce s s ( )

70 n := n . next
ENDWHILE

ENDPROC

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/
75

PROC c l e a r ( ) OF conta ine r
DEF n : PTR TO node , fx : PTR TO e f f e c t
SUPER s e l f . c l e a r ( )
n := s e l f . l i s t . head . next

80 WHILE n . next <> NIL
fx := nod e 2 e f f e c t (n)
fx . c l e a r ( )
n := n . next

ENDWHILE
85 ENDPROC

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC r e s e t ( ) OF conta ine r
90 DEF n : PTR TO node , fx : PTR TO e f f e c t

SUPER s e l f . r e s e t ( )
n := s e l f . l i s t . head . next
WHILE n . next <> NIL

fx := nod e 2 e f f e c t (n)
95 fx . r e s e t ( )

n := n . next
ENDWHILE

ENDPROC

100 /∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC check ( ) OF conta ine r HANDLE −> i n t e r n a l ob j e c t s should not be v i s i b l e
DEF n : PTR TO node , fx : PTR TO e f f e c t , ok
IF SUPER s e l f . check ( ) = FALSE THEN RETURN FALSE

105 ok := TRUE
n := s e l f . l i s t . head . next
WHILE n . next <> NIL

fx := nod e 2 e f f e c t (n)
IF fx . i s s o u r c e ( ) THEN ok := ok AND fx . check ( )

110 n := n . next
ENDWHILE

EXCEPT −> catch e r ro r s , pass on with extra in fo rmat ion
IF except ion = ERRCHECK

Throw(ERR CHECK, [ CHECKCONTAINER, s e l f , e x c ep t i on i n f o ] )
115 ENDIF

ReThrow ( ) −> throw except ion i f i t i s <> 0
ENDPROC ok

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−+
120 | END: echo . e |

+==========================================================================∗/
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16 Source/copy.e

/∗==========================================================================+
| copy . e |
| Ef f e c t c l a s s ”copy ” , c op i e s input to output |
+−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

5

OPT MODULE

MODULE ’∗ defs ’ , ’∗ in1out1 ’

10 EXPORT OBJECT copy OF in1out1
ENDOBJECT

PROC c l a s s ( ) OF copy IS ’ copy ’

15 PROC proce s s ( ) OF copy
SUPER s e l f . p roce s s ( )
s e l f . output (ID MAIN , s e l f . main ( ) )

ENDPROC

20 /∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−+
| END: copy . e |
+==========================================================================∗/

17 Source/debug.e

/∗==========================================================================+
| debug . e |
| Debugging macros |
| |

5 | DEBUG th i s i s de f ined to enable debugging , as a s u i t a b l e |
| p r e f i x f o r p r i n t i n g debug i n f o ( use |
| ”PrintF (DEBUG ’ s t r i ng ’ , a rgs ) ”) |
| debug (x ) t h i s expands to x when debugging i s enabled , o therwi se |
| to nothing , neate r than #i f d e f . . . #end i f |

10 | ASSERT de f ined to enable a s s e r t i o n |
| a s s e r t (x , s t r ) when a s s e r t i o n i s enabled , throws an ” a s r t ” except ion |
| with s t r as i n f o i f x i s f a l s e |
| |
+−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

15

OPT MODULE, PREPROCESS
OPT EXPORT

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/
20

−> Comment [ uncomment ] next l i n e s to remove [ i n s e r t ] debugging code
−>#de f i n e DEBUG ’++ Debug : ’+
−>#de f i n e ASSERT

25 /∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

#i f d e f DEBUG
#de f i n e debug (x ) x
#de f i n e r e a l f ( x ) RealF ( St r ing (16) , x , 8)
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30 #end i f

#i f n d e f DEBUG
#de f i n e debug (x )
#end i f

35

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

#i f d e f ASSERT
#de f i n e a s s e r t (x , s t r ) IF (x ) = FALSE THEN Throw(” a s r t ” , s t r )

40 #end i f

#i f n d e f ASSERT
#de f i n e a s s e r t (x , s t r )
#end i f

45

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−+
| END: debug . e |
+==========================================================================∗/

18 Source/defs.e

/∗==========================================================================+
| de f s . e |
| De f i n i t i o n s r equ i r ed throughout the system |
| |

5 | ERR #? e r r o r IDs |
| ID #? IDs f o r inputs , outputs and parameters |
| IDS #? names f o r inputs , outputs and parameters |
| PI , PI2 mathematical cons tant s |
| DEF RATE de f au l t sample ra t e |

10 | |
+−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

OPT MODULE, PREPROCESS
OPT EXPORT −> export s a l l , only way to export macros

15

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

ENUM ERROK = 0 ,
ERR ALLOC RDARGS, ERR BAD ARGS, ERR BAD COMMAND LINE,

20 ERR BAD FILE FORMAT, ERRBADNUMBER, ERR BAD PARAMTYPE,
ERR BAD RANGE, ERR CANT OPEN FILE, ERR CHECK,
ERR NAME ALREADY USED, ERR NO SUCH CLASS, ERR NO SUCH INPUT,
ERR NO SUCH INPUTID, ERR NO SUCH NAME, ERR NO SUCH OUTPUT,
ERR NO SUCH OUTPUTID, ERR NO SUCH PARAM, ERR NO SUCH PARAMID,

25 ERRPARAMNOTNUMBER, ERRUNKNOWNCOMMAND

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

ENUM CHECKOK = 0 ,
30 CHECK BAD INPUT RATE, CHECKCONTAINER, CHECK INPUT NOT CONNECTED,

CHECK INTERNAL ERROR, CHECK INVALID PARAM, CHECKOUTPUTNOTCONNECTED

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

35 ENUM ID INVALID = 0 ,
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ID AMPLITUDE, ID BANDWIDTH, ID DECAY, ID DELAY,
ID DEPTH, ID FILE , ID FREQUENCY, ID GAIN ,
ID INPUTS , ID LEFT , ID MAIN , ID NORMALIZE,
ID OUTPUTS, ID PHASE , ID POLES , ID RATE,

40 ID RIGHT , ID SIDECHAIN , ID THRESHOLD, ID TO ,
ID VALUE, ID WIDTH, ID ZEROS ,

ID MULTI IN = $1000 , ID MULTI OUT = $2000 ,
ID MULTI ZERO R = $3000 , ID MULTI ZERO F = $4000 ,

45 ID MULTI POLE R = $5000 , ID MULTI POLE F = $6000

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

#de f i n e IDS AMPLITUDE ’ amplitude ’
50 #de f i n e IDS BANDWIDTH ’ bandwidth ’

#de f i n e IDS DECAY ’ decay ’
#de f i n e IDS DELAY ’ delay ’
#de f i n e IDS DEPTH ’ depth ’
#de f i n e IDS FILE ’ f i l e ’

55 #de f i n e IDS FREQUENCY ’ frequency ’
#de f i n e IDS GAIN ’ gain ’
#de f i n e IDS INPUTS ’ inputs ’
#de f i n e IDS LEFT ’ l e f t ’
#de f i n e IDS MAIN ’main ’

60 #de f i n e IDS NORMALIZE ’ normal ize ’
#de f i n e IDS OUTPUTS ’ outputs ’
#de f i n e IDS PHASE ’ phase ’
#de f i n e IDS POLES ’ po les ’
#de f i n e IDS RATE ’ rate ’

65 #de f i n e IDS RIGHT ’ r ight ’
#de f i n e IDS SIDECHAIN ’ s idecha in ’
#de f i n e IDS THRESHOLD ’ thresho ld ’
#de f i n e IDS TO ’ to ’
#de f i n e IDS VALUE ’ value ’

70 #de f i n e IDS WIDTH ’width ’
#de f i n e IDS ZEROS ’ zeros ’

#de f i n e IDS IN ’ in ’
#de f i n e IDS OUT ’ out ’

75 #de f i n e IDS POLE ’ pole ’
#de f i n e IDS ZERO ’ zero ’

#de f i n e IDS ON ’on ’
#de f i n e IDS OFF ’ o f f ’

80

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

#de f i n e PI 3.14159265
#de f i n e PI2 6.28318531

85

#de f i n e DEF RATE 44100.0

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−+
| END: de f s . e |

90 +==========================================================================∗/
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19 Source/delay.e

/∗==========================================================================+
| delay . e |
| Ef f e c t c l a s s ” de lay ” , de lays input by parameter ” de lay ” |
+−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

5

OPT MODULE, PREPROCESS

MODULE ’∗ cbu f f e r ’ , ’∗ defs ’ , ’∗ in1out1 ’ , ’∗ l i nk ’ , ’∗ s t r i ng ’ , ’∗ value ’ ,
’∗debug ’

10

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

EXPORT OBJECT delay OF in1out1
PUBLIC −> f bde lay needs a c c e s s

15 cb : PTR TO cbu f f e r
dt : LONG

ENDOBJECT

PROC c l a s s ( ) OF delay IS ’ delay ’
20

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC new( l i s t , name) OF delay
SUPER s e l f . new( l i s t , name)

25 s e l f . cb := NIL −> de f e r r ed r e c a l c ( ) => cbu f f e r not a l l o c a t e d now
s e l f . s e t (ID DELAY, 0 . 05 )

ENDPROC

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/
30

PROC end ( ) OF delay
END s e l f . cb

ENDPROC SUPER s e l f . end ( )

35 /∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC param2id ( s t r ) OF delay
ENDPROC IF strcmp (IDS DELAY, s t r ) THEN ID DELAY ELSE SUPER s e l f . param2id ( s t r )

40 PROC id2param ( id ) OF delay
ENDPROC IF id = ID DELAY THEN IDS DELAY ELSE SUPER s e l f . id2param ( id )

PROC paramtype ( id ) OF delay
ENDPROC IF id = ID DELAY THEN TYPENUMBER ELSE SUPER s e l f . paramtype ( id )

45

PROC get ( id ) OF delay
ENDPROC IF id = ID DELAY THEN s e l f . dt ELSE SUPER s e l f . get ( id )

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/
50

PROC se t ( id , data ) OF delay
SELECT id
CASE ID DELAY

s e l f . dt := data
55 s e l f . s e t r e c a l c ( )

71



slab Source/e2txt.script

DEFAULT; SUPER s e l f . s e t ( id , data )
ENDSELECT

ENDPROC

60 /∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC r e c a l c ( ) OF delay
DEF in : PTR TO l i n k
SUPER s e l f . r e c a l c ( )

65 in := s e l f . ge t input (ID MAIN)
IF s e l f . cb

s e l f . cb . s e t l e ng th ( ! s e l f . dt ∗ in . r a t e )
ELSE

NEW s e l f . cb . new ( ! s e l f . dt ∗ in . r a t e )
70 ENDIF

ENDPROC

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

75 PROC r e s e t ( ) OF delay
SUPER s e l f . r e s e t ( )
s e l f . cb . c l e a r ( ) −> r e s e t bu f f e r to 0

ENDPROC

80 /∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC proce s s ( ) OF delay
SUPER s e l f . p roce s s ( )
s e l f . cb . next ( )

85 s e l f . cb . wr i t e ( s e l f . main ( ) )
s e l f . output (ID MAIN , s e l f . cb . read ( ) )

ENDPROC

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−+
90 | END: de lay . e |

+==========================================================================∗/

20 Source/e2txt.script

Echo >/Docs/Source . txt ”” NOLINE
NL −s #?. e −E”Execute e2txt sub . s c r i p t %n”
More /Docs/Source . txt

21 Source/e2txt sub.script

. key NAME/A

. bra {

. ket }
Type {NAME} >>/Docs/Source . txt

5 Echo ”∗n∗n” >>/Docs/Source . txt

22 Source/echo.e

/∗==========================================================================+
| echo . e |
| Ef f e c t c l a s s ” echo” |
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| |
5 | Simple echo e f f e c t , made up o f one each o f add , s p l i t , fbde lay , amp, and |

| f eedback . |
| |
| Features : input ”main ” , output ”main ” , parameters ”decay” and ” de lay ” |
| |

10 +−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

OPT MODULE, PREPROCESS

MODULE ’∗add ’ , ’∗amp’ , ’∗ conta iner ’ , ’∗ defs ’ , ’∗ fbde lay ’ , ’∗ feedback ’ ,
15 ’∗ s p l i t ’ , ’∗ s t r i ng ’ , ’∗ l i nk ’

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

EXPORT OBJECT echo OF conta ine r
20 PRIVATE

add : PTR TO add −> f o r d e l e ga t i on purposes only
s p l i t : PTR TO s p l i t
fbde lay : PTR TO fbde lay
amp : PTR TO amp

25 ENDOBJECT

PROC c l a s s ( ) OF echo IS ’ echo ’
PROC i s s o u r c e ( ) OF echo IS TRUE −> conta in s source ob j e c t s

30 /∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC new( l i s t , name) OF echo
DEF fb : PTR TO feedback
SUPER s e l f . new( l i s t , name)

35 −> c r e a t e par t s
NEW s e l f . add . new( s e l f . l i s t , ’ echo add ’ )
NEW s e l f . s p l i t . new( s e l f . l i s t , ’ e c h o s p l i t ’ )
NEW s e l f . fbde lay . new( s e l f . l i s t , ’ e cho fbde lay ’ )
NEW s e l f . amp . new( s e l f . l i s t , ’ echo amp ’ )

40 NEW fb . new( s e l f . l i s t , ’ echo feedback ’ )
−> s e t parameters
s e l f . add . s e t ( ID INPUTS , 2 . 0 )
s e l f . s p l i t . s e t (ID OUTPUTS, 2 . 0 )
s e l f . fbde lay . s e t (ID DELAY, 0 . 1 )

45 s e l f . amp . s e t (ID GAIN , 0 . 5 )
−> l i n k
l i n k ( s e l f . add , ID MAIN , s e l f . s p l i t , ID MAIN)
l i n k ( s e l f . s p l i t , ID MULTI OUT + 2 , s e l f . fbde lay , ID MAIN)
l i n k ( s e l f . fbde lay , ID MAIN , s e l f . amp, ID MAIN)

50 l i n k ( s e l f . amp, ID MAIN , fb , ID MAIN)
l i n k ( fb , ID MAIN , s e l f . add , ID MULTI IN + 2)

ENDPROC

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/
55

PROC input2 id ( s t r ) OF echo
ENDPROC IF strcmp (IDS MAIN , s t r ) THEN ID MAIN ELSE SUPER s e l f . input2 id ( s t r )

PROC output2id ( s t r ) OF echo
60 ENDPROC IF strcmp (IDS MAIN , s t r ) THEN ID MAIN ELSE SUPER s e l f . output2id ( s t r )

73
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PROC id2 input ( id ) OF echo
ENDPROC IF id = ID MAIN THEN IDS MAIN ELSE SUPER s e l f . id2 input ( id )

65 PROC id2output ( id ) OF echo
ENDPROC IF id = ID MAIN THEN IDS MAIN ELSE SUPER s e l f . id2output ( id )

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

70 PROC param2id ( s t r ) OF echo
IF strcmp (IDS DECAY, s t r ) ; RETURN ID DECAY
ELSEIF strcmp (IDS DELAY, s t r ) ; RETURN ID DELAY
ENDIF

ENDPROC SUPER s e l f . param2id ( s t r )
75

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC id2param ( id ) OF echo
SELECT id

80 CASE ID DECAY; RETURN s e l f . amp . id2param (ID GAIN)
CASE ID DELAY; RETURN s e l f . fbde lay . id2param (ID DELAY)
ENDSELECT

ENDPROC SUPER s e l f . id2param ( id )

85 /∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC paramtype ( id ) OF echo
SELECT id
CASE ID DECAY; RETURN s e l f . amp . paramtype (ID GAIN)

90 CASE ID DELAY; RETURN s e l f . fbde lay . paramtype (ID DELAY)
ENDSELECT

ENDPROC SUPER s e l f . paramtype ( id )

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/
95

PROC se t ( id , data ) OF echo
SELECT id
CASE ID DECAY; s e l f . amp . s e t (ID GAIN , data )
CASE ID DELAY; s e l f . f bde lay . s e t (ID DELAY, data )

100 DEFAULT; SUPER s e l f . s e t ( id , data )
ENDSELECT

ENDPROC

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/
105

PROC get ( id ) OF echo
SELECT id
CASE ID DECAY; RETURN s e l f . amp . get (ID GAIN)
CASE ID DELAY; RETURN s e l f . fbde lay . get (ID DELAY)

110 ENDSELECT
ENDPROC SUPER s e l f . get ( id )

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

115 PROC get input ( id ) OF echo
SELECT id
CASE ID MAIN ; RETURN s e l f . add . ge t input ( ID MULTI IN + 1)
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ENDSELECT
ENDPROC SUPER s e l f . ge t input ( id )

120

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC setoutput ( id , l i n k ) OF echo
SELECT id

125 CASE ID MAIN ; RETURN s e l f . s p l i t . s e toutput (ID MULTI OUT + 1 , l i n k )
ENDSELECT

ENDPROC SUPER s e l f . s e toutput ( id , l i n k )

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−+
130 | END: echo . e |

+==========================================================================∗/

23 Source/effect.e

/∗==========================================================================+
| e f f e c t . e |
| Ef f e c t base c l a s s |
| |

5 | Derived c l a s s e s implementing methods that are passed an id ( or a s t r i n g ) |
| must c a l l SUPER i f i t i s not r e cogn i s ed ; the d e f au l t behaviour i s r a i s i n g |
| an except ion (ERR NO SUCH #?ID , id ) un l e s s o therw i s e s p e c i f i e d |
| |
| Derived c l a s s e s may add new methods , the se should not be c a l l e d from |

10 | out s id e the c l a s s ( or c l a s s e s der ived from i t ) |
| |
| Implementation o f inputs : s e e in1out0 . e |
| Implementation o f outputs : s e e in0out1 . e |
| Implementation o f params : s ee constant . e |

15 | Implementation o f r e c a l c : s e e de lay . e |
| |
| e f f e c t . new( l i s t , name) const ructor , l i n k named node in to l i s t |
| der ived c l a s s e s must c a l l SUPER f i r s t |
| e f f e c t . end ( ) des t ruc to r , remove node from l i s t |

20 | der ived c l a s s e s must c a l l SUPER l a s t |
| e f f e c t . c l a s s ( ) r e tu rn s the name o f the c l a s s , f o r run time |
| i n q u i r i e s |
| e f f e c t . input2 id ( s t r ) \ get id o f s t r ( de f = ID INVALID) |
| e f f e c t . output2id ( s t r ) | |

25 | e f f e c t . param2id ( s t r ) / |
| e f f e c t . id2 input ( id ) \ get s t r o f id ( de f = NIL) |
| e f f e c t . id2output ( id ) | |
| e f f e c t . id2param ( id ) / |
| e f f e c t . ge t input ( id ) get the l i n k s t r u c tu r e o f an input |

30 | e f f e c t . s e toutput ( id , l i n k ) s e t an output l i n k po in t e r |
| e f f e c t . s e t ( id , va lue ) s e t a parameter , c a l l s e t r e c a l c i f the |
| change r e qu i r e s r e c a l c u l a t i o n |
| e f f e c t . get ( id ) get a parameter |
| e f f e c t . paramtype ( id ) get the type o f a parameter |

35 | e f f e c t . s e t r e c a l c ( ) s i g n a l that parameters have changed that |
| r e qu i r e r e c a l c u l a t i o n o f i n t e r n a l data , |
| should not be changed in der ived c l a s s e s |
| e f f e c t . r e c a l c ( ) r e c a l c u l a t e i n t e r n a l data ( de f = r e s e t |
| r e c a l c f l a g ) , der ived c l a s s e s must c a l l |

40 | SUPER f i r s t |

75
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| e f f e c t . check ( ) check i f s e t up enough to run , der ived |
| c l a s s e s should check own data be f o r e SUPER |
| ( f o r e f f i c i e n c y ) |
| e f f e c t . i s r e ady ( ) check whether enough input to proce s s |

45 | ( de f = f i r s t ) , de r ived c l a s s e s should check |
| own inputs be f o r e SUPER ( f o r e f f i c i e n c y ) |
| e f f e c t . i s s o u r c e ( ) the e f f e c t i s a source ( de f = FALSE) |
| e f f e c t . c l e a r ( ) c l e a r data , ready f o r next sample ins tance , |
| should c a l l SUPER f i r s t |

50 | e f f e c t . r e s e t ( ) c l e a r data , ready to r e s t a r t proce s s ing , |
| should c a l l SUPER f i r s t , c a l l s c l e a r |
| e f f e c t . output ( id , sample ) send output to de s t i na t i on , should c a l l |
| output l ink on i n t e r n a l l i n k s t ruc ture , t h i s |
| method should only be c a l l e d from proce s s |

55 | e f f e c t . p roce s s ( ) perform proce s s ing , d e f au l t behaviour c a l l s |
| r e c a l c i f necessary , der ived c l a s s e s should |
| c a l l SUPER f i r s t ; the ke rne l c a l l s p roce s s |
| f o r e f f e c t s with i s s o u r c e = TRUE during run |
| |

60 +−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

OPT MODULE, PREPROCESS

MODULE ’∗ defs ’ , ’∗ l i s t ’ , ’∗debug ’
65

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

EXPORT OBJECT e f f e c t
PUBLIC

70 node : node −> o f f s e t = 4 , as c l a s s l i n k i s at 0 ( s ee hack . e )
PRIVATE

r e c a l c f : LONG −> r e c a l c needs to be c a l l e d
ENDOBJECT

75 /∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

−> Construct ion / de s t ru c t i on
PROC new( l i s t , name) OF e f f e c t

s e l f . node . name := name
80 add ( l i s t , s e l f . node )

ENDPROC
PROC end ( ) OF e f f e c t IS remove ( s e l f . node )
PROC c l a s s ( ) OF e f f e c t IS ’ e f f e c t ’

85 −> St r ing i n t e r f a c e
PROC input2 id ( s t r ) OF e f f e c t IS ID INVALID
PROC output2id ( s t r ) OF e f f e c t IS ID INVALID
PROC param2id ( s t r ) OF e f f e c t IS ID INVALID
PROC id2 input ( id ) OF e f f e c t IS NIL

90 PROC id2output ( id ) OF e f f e c t IS NIL
PROC id2param ( id ) OF e f f e c t IS NIL

−> Linking
PROC get input ( id ) OF e f f e c t IS Throw(ERR NO SUCH INPUTID, id )

95 PROC setoutput ( id , l i n k ) OF e f f e c t IS Throw(ERR NO SUCH OUTPUTID, id )

−> Parameters
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PROC se t ( id , data ) OF e f f e c t IS Throw(ERR NO SUCH PARAMID, id )
PROC get ( id ) OF e f f e c t IS Throw(ERR NO SUCH PARAMID, id )

100 PROC paramtype ( id ) OF e f f e c t IS Throw(ERR NO SUCH PARAMID, id )

−> Reca l cu l a t i on
PROC s e t r e c a l c ( ) OF e f f e c t ; s e l f . r e c a l c f := TRUE; ENDPROC
PROC r e c a l c ( ) OF e f f e c t ; s e l f . r e c a l c f := FALSE; ENDPROC

105

−> Proces s ing con t r o l
PROC check ( ) OF e f f e c t ; s e l f . s e t r e c a l c ( ) ; ENDPROC TRUE
PROC i s r eady ( ) OF e f f e c t IS TRUE
PROC i s s o u r c e ( ) OF e f f e c t IS FALSE

110 PROC c l e a r ( ) OF e f f e c t IS EMPTY
PROC r e s e t ( ) OF e f f e c t IS s e l f . c l e a r ( )

−> Proces s ing
PROC output ( id , data ) OF e f f e c t IS Throw(ERR NO SUCH OUTPUTID, id )

115 PROC proce s s ( ) OF e f f e c t
IF s e l f . r e c a l c f THEN s e l f . r e c a l c ( )

ENDPROC

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−+
120 | END: e f f e c t . e |

+==========================================================================∗/

24 Source/exp.e

/∗==========================================================================+
| exp . e |
| Ef f e c t c l a s s ”exp ” , exponent i a l o s c i l l a t o r , v a r i e s between 0 and 1 |
+−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

5

OPT MODULE

MODULE ’∗ osc ’

10 EXPORT OBJECT exp OF osc
ENDOBJECT

PROC o s c i l l a t o r ( time ) OF exp IS ! Fexp ( ! Flog ( 2 . 0 ) ∗ time ) − 1 .0

15 PROC c l a s s ( ) OF exp IS ’ exp ’

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−+
| END: exp . e |
+==========================================================================∗/

25 Source/fbdelay.e

/∗==========================================================================+
| f bde lay . e |
| Ef f e c t c l a s s ” fbde lay ” , de lay f o r use in feedback loops |
+−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

5

OPT MODULE
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MODULE ’∗ cbu f f e r ’ , ’∗ defs ’ , ’∗ delay ’ , ’∗ l i nk ’

10 EXPORT OBJECT fbde lay OF delay
ENDOBJECT

PROC c l a s s ( ) OF fbde lay IS ’ fbde lay ’

15 PROC r e c a l c ( ) OF fbde lay
DEF in : PTR TO l i n k
SUPER s e l f . r e c a l c ( ) −> does normal de lay time , and NEWs cb
in := s e l f . ge t input (ID MAIN)
−> reduce de lay time by 1 sample

20 s e l f . cb . s e t l e ng th ( ! s e l f . dt ∗ in . r a t e − 1 . 0 )
ENDPROC

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−+
| END: fbde lay . e |

25 +==========================================================================∗/

26 Source/feedback.e

/∗==========================================================================+
| f eedback . e |
| Ef f e c t c l a s s ” feedback ” |
| Allow feedback loops |

5 | |
| I n h e r i t s from in1out1 , adding to methods proce s s and c l ea r , and s e t t i n g |
| i s s o u r c e to TRUE and i s r e ady to FALSE |
| |
| i s r e ady ( ) i s FALSE, so that p roce s s i s not c a l l e d when input i s r e c i e v ed |

10 | i s s o u r c e ( ) i s TRUE, so proce s s i s c a l l e d by ke rne l in run |
| c l e a r ( ) s t o r e s data f o r next sample |
| |
| Due to feedback , input cannot reach the feedback ob j e c t u n t i l a f t e r i t s |
| proce s s has been c a l l e d . |

15 | |
| −−object −− feedback −−\ ob j e c t needs data from feedback to send input |
| \−−−−−−−−−−−−−−−/ to feedback , so nothing happens un t i l run c a l l s |
| f eedback |
| |

20 +−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

OPT MODULE

MODULE ’∗ defs ’ , ’∗ in1out1 ’
25

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

EXPORT OBJECT feedback OF in1out1
PRIVATE

30 l a s t : LONG −> prev ious input
check ing : LONG −> prevent loops in check
p ro c e s s i ng : LONG −> prevent loops in proce s s

ENDOBJECT

35 PROC c l a s s ( ) OF feedback IS ’ feedback ’
PROC i s s o u r c e ( ) OF feedback IS TRUE
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PROC i s r eady ( ) OF feedback IS FALSE

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/
40

PROC new( l i s t , name) OF feedback
SUPER s e l f . new( l i s t , name)
s e l f . l a s t := 0 .0
s e l f . check ing := FALSE

45 s e l f . p r o c e s s i ng := FALSE
ENDPROC

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

50 PROC c l e a r ( ) OF feedback
s e l f . l a s t := s e l f . main ( )
SUPER s e l f . c l e a r ( )

ENDPROC

55 /∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC r e s e t ( ) OF feedback
SUPER s e l f . r e s e t ( )
s e l f . l a s t := 0 .0

60 ENDPROC

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC proce s s ( ) OF feedback
65 IF s e l f . p r o c e s s i ng = FALSE −> prevent loop

s e l f . p r o c e s s i ng := TRUE
SUPER s e l f . p roce s s ( )
s e l f . output (ID MAIN , s e l f . l a s t )
s e l f . p r o c e s s i ng := FALSE

70 ENDIF
ENDPROC

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

75 PROC check ( ) OF feedback
IF s e l f . check ing = FALSE −> prevent loop

s e l f . check ing := TRUE
IF SUPER s e l f . check ( ) = FALSE THEN RETURN FALSE
s e l f . check ing := FALSE

80 ENDIF
ENDPROC TRUE

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−+
| END: feedback . e |

85 +==========================================================================∗/

27 Source/file.e

/∗==========================================================================+
| f i l e . e |
| Functions f o r read ing / wr i t i ng / conver t ing i n t e g e r s |
| |

5 | Types : ( s | u ) ( byte | word | long ) ( | x ) , where |
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| − s = s igned (2 ’ s complement ) , u = unsigned |
| − byte = 8 b i t s , word = 16 b i t s , long = 32 b i t s |
| − ( de f ) = msb f i r s t ( eg $01234567 ) , x = l sb f i r s t ( eg $67452301 ) |
| NB: a l l l ongs in E are s igned , so ulongs are r e a l l y s l ong s |

10 | |
| read / wr i t e re turn succes s , o the r s may r a i s e (” f i l e ” , fh ) on e r r o r s |
| |
+−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

15 OPT MODULE

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

−> Read func t i on s
20 EXPORT PROC read sbyte ( fh ) IS sbyte ( read ( fh , 1) )

EXPORT PROC read ubyte ( fh ) IS read ( fh , 1)
EXPORT PROC read sword ( fh ) IS sword ( read ( fh , 2) )
EXPORT PROC read uword ( fh ) IS read ( fh , 2)
EXPORT PROC read s l ong ( fh ) IS read ( fh , 4)

25 EXPORT PROC read u long ( fh ) IS read ( fh , 4)
EXPORT PROC read sword x ( fh ) IS sword ( xword ( read ( fh , 2) ) )
EXPORT PROC read uword x ( fh ) IS xword ( read ( fh , 2) )
EXPORT PROC read s l ong x ( fh ) IS xlong ( read ( fh , 4) )
EXPORT PROC read u long x ( fh ) IS xlong ( read ( fh , 4) )

30

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

−> Write f unc t i on s
EXPORT PROC wr i t e sby t e ( fh , data ) IS wr i t e ( fh , 1 , data )

35 EXPORT PROC wr i t e ubyte ( fh , data ) IS wr i t e ( fh , 1 , data )
EXPORT PROC wri te sword ( fh , data ) IS wr i t e ( fh , 2 , data )
EXPORT PROC write uword ( fh , data ) IS wr i t e ( fh , 2 , data )
EXPORT PROC wr i t e s l o n g ( fh , data ) IS wr i t e ( fh , 4 , data )
EXPORT PROC wr i t e u l ong ( fh , data ) IS wr i t e ( fh , 4 , data )

40 EXPORT PROC wr i te sword x ( fh , data ) IS wr i t e ( fh , 2 , xword ( data ) )
EXPORT PROC write uword x ( fh , data ) IS wr i t e ( fh , 2 , xword ( data ) )
EXPORT PROC wr i t e s l o n g x ( fh , data ) IS wr i t e ( fh , 4 , xlong ( data ) )
EXPORT PROC wr i t e u l ong x ( fh , data ) IS wr i t e ( fh , 4 , xlong ( data ) )

45 /∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

−> Conversion f unc t i on s
EXPORT PROC sbyte ( ubyte ) IS IF ubyte >= 128 THEN ubyte − 256 ELSE ubyte
EXPORT PROC ubyte ( sbyte ) IS sbyte AND $FF

50 EXPORT PROC sword (uword ) IS IF uword >= 32768 THEN uword − 65536 ELSE uword
EXPORT PROC uword ( sword ) IS sword AND $FFFF
EXPORT PROC xword (word ) IS Shr (word AND $FF00 , 8) OR Shl (word AND $00FF , 8)
EXPORT PROC xlong ( long ) IS Shr ( long AND $FF000000 , 24) OR

Shr ( long AND $00FF0000 , 8) OR
55 Shl ( long AND $0000FF00 , 8) OR

Shl ( long AND $000000FF , 24)

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

60 EXPORT PROC read ( fh , buf , l en )
ENDPROC Read ( fh , buf , l en ) = len
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EXPORT PROC wr i t e ( fh , buf , l en )
ENDPROC Write ( fh , buf , l en ) = len

65

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC read ( f , b ) ; DEF d = 0 −> Read b bytes from f in to l s b o f d
ENDPROC IF read ( f , {d} + 4 − b , b) THEN d ELSE Throw(” f i l e ” , f )

70

PROC wr i t e ( f , b , d ) −> Write b bytes to f from l sb o f d
ENDPROC IF wr i t e ( f , {d} + 4 − b , b) THEN TRUE ELSE Throw(” f i l e ” , f )

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−+
75 | END: f i l e . e |

+==========================================================================∗/

28 Source/filter.e

/∗==========================================================================+
| f i l t e r . e |
| Ef f e c t base c l a s s ” f i l t e r ” |
| Base c l a s s f o r lowpass , highpass , bandpass , bandre j ec t |

5 +−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

OPT MODULE, PREPROCESS

MODULE ’∗ defs ’ , ’∗ in1out1 ’ , ’∗ s t r i ng ’ , ’∗ value ’
10

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

EXPORT OBJECT f i l t e r OF in1out1
PUBLIC −> need to be used in der ived . r e c a l c

15 f r e q : LONG −> f r equency
a0 : LONG −> f i l t e r c o e f f i c i e n t s
a1 : LONG
a2 : LONG
b1 : LONG

20 b2 : LONG
PRIVATE

in1 : LONG −> prev ious input / output samples
in2 : LONG −> ( not cbu f f e r , as smal l amount o f data )
out1 : LONG

25 out2 : LONG
ENDOBJECT

PROC c l a s s ( ) OF f i l t e r IS ’ f i l t e r ’

30 −> No const ructor , as f r e q d e f au l t s e t in der ived , c o e f f i c i e n t s s e t
−> in r e ca l c , p rev ious samples s e t in r e s e t

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

35 PROC r e s e t ( ) OF f i l t e r
SUPER s e l f . r e s e t ( )
s e l f . in1 := 0 .0
s e l f . in2 := 0 .0
s e l f . out1 := 0 .0

40 s e l f . out2 := 0 .0
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slab Source/filter.e

ENDPROC

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

45 PROC proce s s ( ) OF f i l t e r
DEF in , out
SUPER s e l f . p roce s s ( )
−> c a l c u l a t e
in := s e l f . main ( )

50 out := ! ( ! s e l f . a0 ∗ in ) + ( ! s e l f . a1 ∗ s e l f . in1 ) +
( ! s e l f . a2 ∗ s e l f . in2 ) + ( ! s e l f . b1 ∗ s e l f . out1 ) +
( ! s e l f . b2 ∗ s e l f . out2 )

−> s h i f t to next sample
s e l f . out2 := s e l f . out1

55 s e l f . out1 := out
s e l f . in2 := s e l f . in1
s e l f . in1 := in
−> output
s e l f . output (ID MAIN , out )

60 ENDPROC

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC param2id ( s t r ) OF f i l t e r
65 IF strcmp (IDS FREQUENCY, s t r ) ; RETURN ID FREQUENCY

ENDIF
ENDPROC SUPER s e l f . param2id ( s t r )

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/
70

PROC id2param ( id ) OF f i l t e r
SELECT id
CASE ID FREQUENCY; RETURN IDS FREQUENCY
ENDSELECT

75 ENDPROC SUPER s e l f . id2param ( id )

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC paramtype ( id ) OF f i l t e r
80 SELECT id

CASE ID FREQUENCY; RETURN TYPENUMBER
ENDSELECT

ENDPROC SUPER s e l f . paramtype ( id )

85 /∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC se t ( id , data ) OF f i l t e r
SELECT id
CASE ID FREQUENCY

90 s e l f . f r e q := data
s e l f . s e t r e c a l c ( )

DEFAULT; SUPER s e l f . s e t ( id , data )
ENDSELECT

ENDPROC
95

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/
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PROC get ( id ) OF f i l t e r
SELECT id

100 CASE ID FREQUENCY; RETURN s e l f . f r e q
ENDSELECT

ENDPROC SUPER s e l f . get ( id )

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−+
105 | END: f i l t e r . e |

+==========================================================================∗/

29 Source/hack.e

/∗==========================================================================+
| hack . e |
| Get an e f f e c t from the node conta ined in i t |
| nod e 2 e f f e c t ( node ) => e f f e c t |

5 +−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

OPT MODULE, PREPROCESS
OPT EXPORT

10 /∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

−> WARNING: HACK
−> This func t i on assumes that the node i s at o f f s e t 4 in to the ob j e c t
−> Of f s e t s are shown by ShowModule f o r pub l i c f i e l d s

15 #de f i n e n od e 2 e f f e c t ( node ) ( node −4)

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−+
| END: hack . e |
+==========================================================================∗/

30 Source/halfrectify.e

/∗==========================================================================+
| h a l f r e c t i f y . e |
| Ef f e c t c l a s s ” h a l f r e c t i f y ” , h a l f r e c t i f i e s input |
+−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

5

OPT MODULE

MODULE ’∗ defs ’ , ’∗ in1out1 ’

10 EXPORT OBJECT h a l f r e c t i f y OF in1out1
ENDOBJECT

PROC c l a s s ( ) OF h a l f r e c t i f y IS ’ h a l f r e c t i f y ’

15 PROC proce s s ( ) OF h a l f r e c t i f y
SUPER s e l f . p roce s s ( )
s e l f . output (ID MAIN , IF ! s e l f . main ( ) > 0 .0 THEN s e l f . main ( ) ELSE 0 . 0 )

ENDPROC

20 /∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−+
| END: h a l f r e c t i f y . e |
+==========================================================================∗/
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31 Source/highpass.e

/∗==========================================================================+
| highpass . e |
| Ef f e c t c l a s s ” h ighpass ” , high pass f i l t e r |
+−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

5

OPT MODULE, PREPROCESS

MODULE ’∗ defs ’ , ’∗ f i l t e r ’ , ’∗ l i nk ’

10 EXPORT OBJECT highpass OF f i l t e r
ENDOBJECT

PROC new( l i s t , name) OF highpass
SUPER s e l f . new( l i s t , name)

15 s e l f . f r e q := 2000.0
s e l f . s e t r e c a l c ( )
s e l f . r e s e t ( )

ENDPROC

20 PROC c l a s s ( ) OF highpass IS ’ highpass ’

PROC r e c a l c ( ) OF highpass
DEF c , in : PTR TO l i n k
SUPER s e l f . r e c a l c ( )

25 in := s e l f . ge t input (ID MAIN)
c := Ftan ( ! PI ∗ s e l f . f r e q / in . r a t e )
s e l f . a0 := ! 1 .0 / ( ! 1 . 0 + ( ! ( ! c + Fsqrt ( 2 . 0 ) ) ∗ c ) )
s e l f . a1 := ! −2.0 ∗ s e l f . a0
s e l f . a2 := s e l f . a0

30 s e l f . b1 := ! s e l f . a1 ∗ ( ! c ∗ c − 1 . 0 )
s e l f . b2 := ! − s e l f . a0 ∗ ( ! 1 . 0 + ( ! ( ! c − Fsqrt ( 2 . 0 ) ) ∗ c ) )

ENDPROC

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−+
35 | END: highpass . e |

+==========================================================================∗/

32 Source/iff8svx ff.e

/∗==========================================================================+
| i f f 8 s v x f f . e |
| IFF 8SVX f i l e format d e f i n i t i o n s |
+−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

5

OPT MODULE
OPT EXPORT

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/
10

OBJECT i f f 8 s v x vhd r
h ioc t sample s : LONG
rep e a t s t a r t : LONG
repea t l eng th : LONG

15 r a t e : INT −> unsigned , but s igned in E
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octaves : CHAR
compress ion : CHAR
volume : LONG −> 65536 maps to 1 .0

ENDOBJECT
20

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

CONST MAGICFORM = ”FORM” , MAGIC 8SVX = ”8SVX” ,
MAGICVHDR = ”VHDR” , MAGICBODY = ”BODY”

25

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−+
| END: i f f 8 s v x f f . e |
+==========================================================================∗/

33 Source/in0out1.e

/∗==========================================================================+
| in0out1 . e |
| Ef f e c t base c l a s s in0out1 |
| Features : output ”main ” , parameter ” ra t e ” = output sample ra t e |

5 +−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

OPT MODULE, PREPROCESS

MODULE ’∗ e f f e c t ’ , ’∗ defs ’ , ’∗ l i nk ’ , ’∗ s t r i ng ’ , ’∗ value ’
10

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

EXPORT OBJECT in0out1 OF e f f e c t
PUBLIC

15 r a t e : LONG −> Needed by some der ived c l a s s e s
PRIVATE

out : PTR TO l i n k
ENDOBJECT

20 PROC c l a s s ( ) OF in0out1 IS ’ in0out1 ’
PROC i s s o u r c e ( ) OF in0out1 IS TRUE

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

25 PROC new( l i s t , name) OF in0out1
SUPER s e l f . new( l i s t , name)
s e l f . out := NIL
s e l f . r a t e := DEF RATE

ENDPROC
30

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC end ( ) OF in0out1
IF s e l f . out

35 unl ink ( s e l f . out )
s e l f . out := NIL

ENDIF
ENDPROC SUPER s e l f . end ( )

40 /∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/
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PROC output2id ( s t r ) OF in0out1
ENDPROC IF strcmp (IDS MAIN , s t r ) THEN ID MAIN ELSE SUPER s e l f . output2id ( s t r )

45 PROC id2output ( id ) OF in0out1
ENDPROC IF id = ID MAIN THEN IDS MAIN ELSE SUPER s e l f . id2output ( id )

PROC param2id ( s t r ) OF in0out1
ENDPROC IF strcmp (IDS RATE, s t r ) THEN ID RATE ELSE SUPER s e l f . param2id ( s t r )

50

PROC id2param ( id ) OF in0out1
ENDPROC IF id = ID RATE THEN IDS RATE ELSE SUPER s e l f . id2param ( id )

PROC paramtype ( id ) OF in0out1
55 ENDPROC IF id = ID RATE THEN TYPENUMBER ELSE SUPER s e l f . paramtype ( id )

PROC get ( id ) OF in0out1
ENDPROC IF id = ID RATE THEN s e l f . r a t e ELSE SUPER s e l f . get ( id )

60 /∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC setoutput ( id , l i n k ) OF in0out1
SELECT id
CASE ID MAIN ; s e l f . out := l i n k

65 DEFAULT; SUPER s e l f . s e toutput ( id , l i n k )
ENDSELECT

ENDPROC

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/
70

PROC output ( id , data ) OF in0out1
SELECT id
CASE ID MAIN ; output l ink ( s e l f . out , data )
DEFAULT; SUPER s e l f . output ( id , data )

75 ENDSELECT
ENDPROC

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

80 PROC se t ( id , data ) OF in0out1
SELECT id
CASE ID RATE

IF ! data <= 0.0 THEN Throw(ERR BAD RANGE, id )
s e l f . r a t e := data

85 DEFAULT; SUPER s e l f . s e t ( id , data )
ENDSELECT

ENDPROC

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/
90

PROC check ( ) OF in0out1
IF SUPER s e l f . check ( ) = FALSE THEN RETURN FALSE
IF s e l f . out = NIL

Throw(ERR CHECK, [ CHECKOUTPUTNOTCONNECTED, s e l f , ID MAIN ] )
95 ENDIF

s e l f . out . r a t e := s e l f . r a t e
ENDPROC s e l f . out . to . check ( )
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/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−+
100 | END: in0out1 . e |

+==========================================================================∗/

34 Source/in1out0.e

/∗==========================================================================+
| in1out0 . e |
| Ef f e c t base c l a s s in1out0 |
| Def ines an input ”main” |

5 | in1out0 . main ( ) get input sample ( f o r e f f i c i e n c y in proce s s ) |
+−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

OPT MODULE, PREPROCESS

10 MODULE ’∗ e f f e c t ’ , ’∗ defs ’ , ’∗ l i nk ’ , ’∗ s t r i ng ’

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

EXPORT OBJECT in1out0 OF e f f e c t
15 PRIVATE

in : l i n k
ENDOBJECT

PROC c l a s s ( ) OF in1out0 IS ’ in1out0 ’
20 PROC main ( ) OF in1out0 IS s e l f . in . data

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC new( l i s t , name) OF in1out0
25 SUPER s e l f . new( l i s t , name)

newlink ( s e l f . in , s e l f , ID MAIN)
ENDPROC

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/
30

PROC end ( ) OF in1out0
unl ink ( s e l f . in )

ENDPROC SUPER s e l f . end ( )

35 /∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC input2 id ( s t r ) OF in1out0
ENDPROC IF strcmp (IDS MAIN , s t r ) THEN ID MAIN ELSE SUPER s e l f . input2 id ( s t r )

40 PROC id2 input ( id ) OF in1out0
ENDPROC IF id = ID MAIN THEN IDS MAIN ELSE SUPER s e l f . id2 input ( id )

PROC get input ( id ) OF in1out0
ENDPROC IF id = ID MAIN THEN s e l f . in ELSE SUPER s e l f . ge t input ( id )

45

PROC c l e a r ( ) OF in1out0 IS c l e a r l i n k ( s e l f . in ) BUT SUPER s e l f . c l e a r ( )

PROC i s r eady ( ) OF in1out0
ENDPROC IF s e l f . in . ready THEN SUPER s e l f . i s r e ady ( ) ELSE FALSE

50

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/
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PROC check ( ) OF in1out0
IF SUPER s e l f . check ( ) = FALSE THEN RETURN FALSE

55 IF s e l f . in . from = NIL
Throw(ERR CHECK, [ CHECK INPUT NOT CONNECTED, s e l f , ID MAIN ] )

ENDIF
ENDPROC TRUE

60 /∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−+
| END: in1out0 . e |
+==========================================================================∗/

35 Source/in1out1.e

/∗==========================================================================+
| in1out1 . e |
| Ef f e c t base c l a s s in1out1 |
| Def ines an input ”main” and an output ”main” |

5 | in1out1 . main ( ) get input sample ( f o r e f f i c i e n c y in proce s s ) |
+−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

OPT MODULE, PREPROCESS

10 MODULE ’∗ e f f e c t ’ , ’∗ defs ’ , ’∗ l i nk ’ , ’∗ s t r i ng ’ , ’∗debug ’

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

EXPORT OBJECT in1out1 OF e f f e c t
15 PRIVATE

in : l i n k
out : PTR TO l i n k

ENDOBJECT

20 PROC c l a s s ( ) OF in1out1 IS ’ in1out1 ’
PROC main ( ) OF in1out1 IS s e l f . in . data

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

25 PROC new( l i s t , name) OF in1out1
SUPER s e l f . new( l i s t , name)
newlink ( s e l f . in , s e l f , ID MAIN)
s e l f . out := NIL

ENDPROC
30

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC end ( ) OF in1out1
unl ink ( s e l f . in )

35 unl ink ( s e l f . out )
s e l f . out := NIL

ENDPROC SUPER s e l f . end ( )

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/
40

PROC input2 id ( s t r ) OF in1out1
ENDPROC IF strcmp (IDS MAIN , s t r ) THEN ID MAIN ELSE SUPER s e l f . input2 id ( s t r )
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PROC output2id ( s t r ) OF in1out1
45 ENDPROC IF strcmp (IDS MAIN , s t r ) THEN ID MAIN ELSE SUPER s e l f . output2id ( s t r )

PROC id2 input ( id ) OF in1out1
ENDPROC IF id = ID MAIN THEN IDS MAIN ELSE SUPER s e l f . id2 input ( id )

50 PROC id2output ( id ) OF in1out1
ENDPROC IF id = ID MAIN THEN IDS MAIN ELSE SUPER s e l f . id2output ( id )

PROC get input ( id ) OF in1out1
ENDPROC IF id = ID MAIN THEN s e l f . in ELSE SUPER s e l f . ge t input ( id )

55

PROC i s r eady ( ) OF in1out1
ENDPROC IF s e l f . in . ready THEN SUPER s e l f . i s r e ady ( ) ELSE FALSE

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/
60

PROC setoutput ( id , l i n k ) OF in1out1
SELECT id
CASE ID MAIN ; s e l f . out := l i n k
DEFAULT; SUPER s e l f . s e toutput ( id , l i n k )

65 ENDSELECT
ENDPROC

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

70 PROC c l e a r ( ) OF in1out1
c l e a r l i n k ( s e l f . in )

ENDPROC SUPER s e l f . c l e a r ( )

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/
75

PROC output ( id , data ) OF in1out1
SELECT id
CASE ID MAIN ; output l ink ( s e l f . out , data )
DEFAULT; SUPER s e l f . output ( id , data )

80 ENDSELECT
ENDPROC

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

85 PROC check ( ) OF in1out1
IF SUPER s e l f . check ( ) = FALSE THEN RETURN FALSE
IF s e l f . in . from = NIL

Throw(ERR CHECK, [ CHECK INPUT NOT CONNECTED, s e l f , ID MAIN ] )
ENDIF

90 IF s e l f . out = NIL
Throw(ERR CHECK, [ CHECKOUTPUTNOTCONNECTED, s e l f , ID MAIN ] )

ENDIF
s e l f . out . r a t e := s e l f . in . r a t e

ENDPROC s e l f . out . to . check ( )
95

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−+
| END: in1out1 . e |
+==========================================================================∗/
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36 Source/in1outm.e

/∗==========================================================================+
| in1outm . e |
| Ef f e c t base c l a s s in1outm |
| |

5 | Mult ip l e outputs , s i n g l e input . The number o f outputs can be s e t once , |
| a f t e r which attempts to change i t f a i l . |
| |
| Def ines an input ”main” and outputs ”outX” , X = 1 , 2 , . . . ” outputs ” param |
| |

10 | in1outm . outputs ( ) get number o f inputs ( f o r e f f i c i e n c y in proce s s ) |
| in1outm . out (x ) get output id |
| in1outm . i n (x ) get input sample ( f o r e f f i c i e n c y in proce s s ) |
| |
+−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

15

OPT MODULE, PREPROCESS

MODULE ’∗ e f f e c t ’ , ’∗ defs ’ , ’∗ l i nk ’ , ’∗ s t r i ng ’ , ’∗ value ’ , ’∗debug ’

20 RAISE ”MEM” IF New( ) = NIL

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

EXPORT OBJECT in1outm OF e f f e c t
25 PRIVATE

outs : LONG
out : PTR TO LONG −> ptr to ptr to l i n k
in : l i n k

ENDOBJECT
30

PROC c l a s s ( ) OF in1outm IS ’ in1outm ’
PROC outputs ( ) OF in1outm IS s e l f . outs
PROC out (x ) OF in1outm IS ID MULTI OUT + x
PROC in ( ) OF in1outm IS s e l f . in . data

35

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC new( l i s t , name) OF in1outm
SUPER s e l f . new( l i s t , name)

40 s e l f . outs := 0
s e l f . out := NIL
newlink ( s e l f . in , s e l f , ID MAIN)

ENDPROC

45 /∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC end ( ) OF in1outm
DEF i
IF s e l f . out

50 FOR i := 0 TO s e l f . outs − 1
IF s e l f . out [ i ] THEN unl ink ( s e l f . out [ i ] )

ENDFOR
Dispose ( s e l f . out )
s e l f . out := NIL

55 ENDIF

90



slab Source/in1outm.e

unl ink ( s e l f . in )
ENDPROC SUPER s e l f . end ( )

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/
60

PROC input2 id ( s t r ) OF in1outm
ENDPROC IF strcmp (IDS MAIN , s t r ) THEN ID MAIN ELSE SUPER s e l f . input2 id ( s t r )

PROC id2 input ( id ) OF in1outm
65 ENDPROC IF id = ID MAIN THEN IDS MAIN ELSE SUPER s e l f . id2 input ( id )

PROC get input ( id ) OF in1outm
ENDPROC IF id = ID MAIN THEN s e l f . in ELSE SUPER s e l f . ge t input ( id )

70 PROC get ( id ) OF in1outm
ENDPROC IF id = ID OUTPUTS THEN s e l f . outs ELSE SUPER s e l f . get ( id )

PROC i s r eady ( ) OF in1outm
ENDPROC IF s e l f . in . ready THEN SUPER s e l f . i s r e ady ( ) ELSE FALSE

75

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC output2id ( s t r ) OF in1outm
DEF id , l en

80 IF strncmp (IDS OUT, s t r , 3)
id , l en := Val ( s t r + 3)
IF ( ( l en + 3) = StrLen ( s t r ) ) AND (0 < id ) AND ( id <= s e l f . outs )

RETURN ID MULTI OUT + id
ENDIF

85 ENDIF
ENDPROC SUPER s e l f . output2id ( s t r )

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

90 PROC param2id ( s t r ) OF in1outm
IF strcmp (IDS OUTPUTS, s t r ) ; RETURN ID OUTPUTS
ENDIF

ENDPROC SUPER s e l f . param2id ( s t r )

95 /∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC id2output ( id ) OF in1outm
DEF out id
out id := id − ID MULTI OUT

100 IF (0 < out id ) AND ( out id <= s e l f . outs )
RETURN Str ingF ( St r ing (8 ) , ’ out\d ’ , out id )

ENDIF
ENDPROC SUPER s e l f . id2output ( id )

105 /∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC id2param ( id ) OF in1outm
SELECT id
CASE ID OUTPUTS; RETURN IDS OUTPUTS

110 ENDSELECT
ENDPROC SUPER s e l f . id2param ( id )
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/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

115 PROC paramtype ( id ) OF in1outm
SELECT id
CASE ID OUTPUTS; RETURN TYPENUMBER
ENDSELECT

ENDPROC SUPER s e l f . paramtype ( id )
120

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC se t ( id , data ) OF in1outm
DEF i

125 SELECT id
CASE ID OUTPUTS

IF ! data ! <= 0 THEN Throw(ERR BAD RANGE, id )
−> Cannot change number o f outputs a f t e r f i r s t s e t ( r e qu i r e s ⤦

Ç e i t h e r
−> r e l i n k i n g o f a l l e x i s t i n g l i n k s or keeping a l l e x i s t i n g l i n k s⤦

Ç and
130 −> adding )

IF s e l f . out THEN RETURN FALSE
s e l f . out := New( ! data ! ∗ SIZEOF LONG)
s e l f . outs := ! data !
−> Clear l i n k s

135 FOR i := 0 TO s e l f . outs − 1
s e l f . out [ i ] := NIL

ENDFOR
RETURN TRUE

ENDSELECT
140 ENDPROC SUPER s e l f . s e t ( id , data )

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC setoutput ( id , l i n k ) OF in1outm
145 DEF out id

out id := id − ID MULTI OUT
IF (0 < out id ) AND ( out id <= s e l f . outs )

s e l f . out [ out id − 1 ] := l i n k
RETURN TRUE

150 ENDIF
ENDPROC SUPER s e l f . s e toutput ( id , l i n k )

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

155 PROC c l e a r ( ) OF in1outm
c l e a r l i n k ( s e l f . in )

ENDPROC SUPER s e l f . c l e a r ( )

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/
160

PROC output ( id , data ) OF in1outm
DEF out id
out id := id − ID MULTI OUT
IF (0 < out id ) AND ( out id <= s e l f . outs )

165 RETURN output l ink ( s e l f . out [ out id − 1 ] , data )
ENDIF

ENDPROC SUPER s e l f . output ( id , data )
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/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/
170

PROC check ( ) OF in1outm
DEF i , ok , l : PTR TO l i n k
IF SUPER s e l f . check ( ) = FALSE THEN RETURN FALSE
IF s e l f . in . from = NIL

175 Throw(ERR CHECK, [ CHECK INPUT NOT CONNECTED, s e l f , ID MAIN ] )
ENDIF
IF s e l f . out = NIL

Throw(ERR CHECK, [ CHECK INTERNAL ERROR, s e l f , ’ no outputs ’ ] )
ENDIF

180 FOR i := 0 TO s e l f . outs − 1
l := s e l f . out [ i ]
IF l = NIL

Throw(ERR CHECK,
[ CHECKOUTPUTNOTCONNECTED, s e l f , i + 1 + ⤦

Ç ID MULTI OUT ] )
185 ENDIF

l . r a t e := s e l f . in . r a t e
ENDFOR
ok := TRUE
FOR i := 0 TO s e l f . outs − 1

190 l := s e l f . out [ i ]
ok := ok AND l . to . check ( )

ENDFOR
ENDPROC ok

195 /∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−+
| END: in1outm . e |
+==========================================================================∗/

37 Source/inmout1.e

/∗==========================================================================+
| inmout1 . e |
| Ef f e c t base c l a s s inmout1 |
| |

5 | Mult ip l e inputs , s i n g l e output . The number o f inputs can be s e t once , |
| a f t e r which attempts to change i t f a i l . |
| |
| Def ines an output ”main” and inputs ”inX” , X = 1 , 2 , . . . ” inputs ” param |
| |

10 | inmout1 . i npu t s ( ) get number o f inputs ( f o r e f f i c i e n c y in proce s s ) |
| inmout1 . i n ( x ) get input sample ( f o r e f f i c i e n c y in proce s s ) |
| |
+−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

15 OPT MODULE, PREPROCESS

MODULE ’∗ e f f e c t ’ , ’∗ defs ’ , ’∗ l i nk ’ , ’∗ s t r i ng ’ , ’∗ value ’ , ’∗debug ’

RAISE ”MEM” IF New( ) = NIL
20

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

EXPORT OBJECT inmout1 OF e f f e c t
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PRIVATE
25 i n s : LONG

in : PTR TO l i n k
out : PTR TO l i n k

ENDOBJECT

30 PROC c l a s s ( ) OF inmout1 IS ’ inmout1 ’
PROC input s ( ) OF inmout1 IS s e l f . i n s
PROC in (x ) OF inmout1 IS s e l f . in [ x − 1 ] . data

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/
35

PROC new( l i s t , name) OF inmout1
SUPER s e l f . new( l i s t , name)
s e l f . i n s := 0
s e l f . in := NIL

40 s e l f . out := NIL
ENDPROC

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

45 PROC end ( ) OF inmout1
DEF i
IF s e l f . in

FOR i := 0 TO s e l f . i n s − 1
IF s e l f . in [ i ] THEN unl ink ( s e l f . in [ i ] )

50 ENDFOR
Dispose ( s e l f . in )
s e l f . in := NIL

ENDIF
IF s e l f . out

55 unl ink ( s e l f . out )
s e l f . out := NIL

ENDIF
ENDPROC SUPER s e l f . end ( )

60 /∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC input2 id ( s t r ) OF inmout1
DEF id , l en
IF strncmp ( IDS IN , s t r , 2)

65 id , l en := Val ( s t r + 2)
IF ( ( l en + 2) = StrLen ( s t r ) ) AND (0 < id ) AND ( id <= s e l f . i n s )

RETURN ID MULTI IN + id
ENDIF

ENDIF
70 ENDPROC SUPER s e l f . input2 id ( s t r )

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC param2id ( s t r ) OF inmout1
75 IF strcmp (IDS INPUTS , s t r ) THEN RETURN ID INPUTS

ENDPROC SUPER s e l f . param2id ( s t r )

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

80 PROC id2 input ( id ) OF inmout1
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DEF in i d
i n i d := id − ID MULTI IN
IF (0 < i n i d ) AND ( i n i d <= s e l f . i n s )

RETURN Str ingF ( St r ing (8 ) , ’ in \d ’ , i n i d )
85 ENDIF

ENDPROC SUPER s e l f . id2 input ( id )

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

90 PROC output2id ( s t r ) OF inmout1
ENDPROC IF strcmp (IDS MAIN , s t r ) THEN ID MAIN ELSE SUPER s e l f . output2id ( s t r )

PROC id2output ( id ) OF inmout1
ENDPROC IF id = ID MAIN THEN IDS MAIN ELSE SUPER s e l f . id2output ( id )

95

PROC id2param ( id ) OF inmout1
ENDPROC IF id = ID INPUTS THEN IDS INPUTS ELSE SUPER s e l f . id2param ( id )

PROC paramtype ( id ) OF inmout1
100 ENDPROC IF id = ID INPUTS THEN TYPENUMBER ELSE SUPER s e l f . paramtype ( id )

PROC get ( id ) OF inmout1
ENDPROC IF id = ID INPUTS THEN s e l f . i n s ELSE SUPER s e l f . get ( id )

105 /∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC se t ( id , data ) OF inmout1
DEF i
SELECT id

110 CASE ID INPUTS
IF ! data ! <= 0 THEN Throw(ERR BAD RANGE, id )
−> Cannot change number o f inputs a f t e r f i r s t s e t ( r e qu i r e s ⤦

Ç e i t h e r
−> r e l i n k i n g o f a l l e x i s t i n g l i n k s ( which r e qu i r e s a c c e s s to ⤦

Ç ke rne l )
−> or keeping a l l e x i s t i n g l i n k s and adding ( which i s t r i c k y ) )

115 IF s e l f . in THEN RETURN FALSE
s e l f . in := New( ! data ! ∗ SIZEOF l i n k )
s e l f . i n s := ! data !
−> Clear l i n k s
FOR i := 0 TO s e l f . i n s − 1

120 newlink ( s e l f . in [ i ] , s e l f , ID MULTI IN + i + 1)
ENDFOR
RETURN TRUE

ENDSELECT
ENDPROC SUPER s e l f . s e t ( id , data )

125

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC get input ( id ) OF inmout1
DEF in i d

130 i n i d := id − ID MULTI IN
IF (0 < i n i d ) AND ( i n i d <= s e l f . i n s )

RETURN s e l f . in [ i n i d − 1 ]
ENDIF

ENDPROC SUPER s e l f . ge t input ( id )
135
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/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC setoutput ( id , l i n k ) OF inmout1
SELECT id

140 CASE ID MAIN ; s e l f . out := l i n k
DEFAULT; SUPER s e l f . s e toutput ( id , l i n k )
ENDSELECT

ENDPROC

145 /∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC c l e a r ( ) OF inmout1
DEF i
FOR i := 0 TO s e l f . i n s − 1

150 c l e a r l i n k ( s e l f . in [ i ] )
ENDFOR

ENDPROC SUPER s e l f . c l e a r ( )

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/
155

PROC i s r eady ( ) OF inmout1
DEF ready = TRUE, i
FOR i := 0 TO s e l f . i n s − 1
EXIT ready = FALSE

160 ready := ready AND s e l f . in [ i ] . ready
ENDFOR
IF ready

RETURN SUPER s e l f . i s r e ady ( )
ENDIF

165 ENDPROC FALSE

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC output ( id , data ) OF inmout1
170 SELECT id

CASE ID MAIN ; output l ink ( s e l f . out , data )
DEFAULT; SUPER s e l f . output ( id , data )
ENDSELECT

ENDPROC
175

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC check ( ) OF inmout1
DEF i

180 IF SUPER s e l f . check ( ) = FALSE THEN RETURN FALSE
IF s e l f . out = NIL

Throw(ERR CHECK, [ CHECKOUTPUTNOTCONNECTED, s e l f , ID MAIN ] )
ENDIF
s e l f . out . r a t e := s e l f . in [ 0 ] . r a t e

185 IF s e l f . out . to . check ( ) = FALSE THEN RETURN FALSE
IF s e l f . in = NIL

Throw(ERR CHECK, [ CHECK INTERNAL ERROR, s e l f , ’ no inputs ’ ] )
ENDIF
FOR i := 0 TO s e l f . i n s − 1

190 IF s e l f . in [ i ] . from = NIL
Throw(ERR CHECK,

[ CHECK INPUT NOT CONNECTED, s e l f , i + 1 + ⤦
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Ç ID MULTI IN ] )
ENDIF

ENDFOR
195 FOR i := 0 TO s e l f . i n s − 1

IF ! s e l f . in [ i ] . r a t e <> s e l f . in [ 0 ] . r a t e
debug ( PrintF (DEBUG’ inmout1 . check bad ra t e : \ s <> \ s \n ’ , r e a l f ( s e l f . in [ i ] . r a t e ) , ⤦

Ç r e a l f ( s e l f . in [ 0 ] . r a t e ) ) )
/∗ Throw(ERR CHECK,

[ CHECK BAD INPUT RATE, s e l f , i + 1 + ID MULTI IN ⤦

Ç ] )
200 ∗/ ENDIF

ENDFOR
ENDPROC TRUE

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−+
205 | END: inmout1 . e |

+==========================================================================∗/

38 Source/invert.e

/∗==========================================================================+
| i n v e r t . e |
| Ef f e c t c l a s s ” i nv e r t ” , i n v e r t s input |
+−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

5

OPT MODULE

MODULE ’∗ defs ’ , ’∗ in1out1 ’

10 EXPORT OBJECT inve r t OF in1out1
ENDOBJECT

PROC c l a s s ( ) OF inv e r t IS ’ inver t ’

15 PROC proce s s ( ) OF inv e r t
SUPER s e l f . p roce s s ( )
s e l f . output (ID MAIN , ! − s e l f . main ( ) )

ENDPROC

20 /∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−+
| END: i nv e r t . e |
+==========================================================================∗/

39 Source/kernel.e

/∗==========================================================================+
| ke rne l . e |
| System ke rne l |
| |

5 | Al l arguments are s t r i n g s un l e s s o therwi se s p e c i f i e d . Errors are |
| r epor ted by r a i s i n g except i on s ( s ee de f s . e ) . |
| |
| ke rne l . new ( ) con s t ruc to r |
| ke rne l . end ( ) d e s t ru c t o r |

10 | ke rne l . new ( c l a s s , name) c r e a t e a new e f f e c t ob j e c t |
| ke rne l . d e l e t e (name) d e l e t e a new e f f e c t ob j e c t |
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| ke rne l . l i n k ( source , output , dest , input ) |
| l i n k e f f e c t ob j e c t s |
| ke rne l . s e t (name , param , value ) |

15 | s e t a parameter , va lue i s a va lue s t r u c tu r e |
| ke rne l . paramtype (name , param) |
| get the type o f a parameter |
| ke rne l . run ( ) perform proc e s s i ng |
| |

20 | ke rne l . runonce ( ) perform proc e s s i ng on one sample |
| #?new( l i s t , name) c l a s snode func t i on s |
| |
+−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

25 OPT MODULE, PREPROCESS

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

MODULE ’∗ c lassnode ’ , ’∗ defs ’ , ’∗ e f f e c t ’ , ’∗ hack ’ , ’∗ l i nk ’ , ’∗ l i n k ’ , ’∗ l i s t ’ ,
30 ’∗ s t r i ng ’ , ’∗ value ’ , ’∗debug ’ ,

’∗add ’ , ’∗amp’ , ’∗ bandpass ’ , ’∗ bandre ject ’ , ’∗ constant ’ , ’∗ copy ’ ,
’∗ delay ’ , ’∗ echo ’ , ’∗ fbde lay ’ , ’∗ feedback ’ , ’∗ h a l f r e c t i f y ’ ,
’∗ highpass ’ , ’∗ i nver t ’ , ’∗ lowpass ’ , ’∗mul ’ , ’∗ notch ’ , ’∗ pr int ’ ,
’∗ pulse ’ , ’∗ ramp ’ , ’∗ read8svx ’ , ’∗ reads lab ’ , ’∗ r e c t i f y ’ , ’∗ s ine ’ ,

35 ’∗ s p l i t ’ , ’∗ toparam ’ , ’∗ t r i a ng l e ’ , ’∗vox ’ , ’∗ whiteno i se ’ ,
’∗ write8svx ’ , ’∗ wr i t e s l ab ’ , ’∗ z f i l t e r ’ ,
’∗ exp ’ , ’∗ s ca l e ’

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/
40

EXPORT OBJECT kerne l
PUBLIC −> CLI l i k e s to l i s t ob j e c t s and c l a s s e s

c l a s s e s : l i s t
ob j e c t s : l i s t

45 PRIVATE
rate : LONG −> f l o a t sample ra t e to use f o r g l oba l c a l c s
runtime : LONG −> f l o a t time to run f o r
runsmps : LONG −> i n t e g e r number o f samples to run f o r

ENDOBJECT
50

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

−> Reduce ve rbo s i t y o f k e rne l . new
#de f i n e add c l a s s (name , func ) \

55 add ( s e l f . c l a s s e s , NEW [ NIL , NIL , ’name ’ , { func } ] : c l a s snode )

#de f i n e addc l a s s (name) \
add ( s e l f . c l a s s e s , NEW [ NIL , NIL , ’name ’ , {name} ] : c l a s snode )

60 PROC new ( ) OF ke rne l
−> I n i t i a l i s e c l a s s e s
n ew l i s t ( s e l f . c l a s s e s )

a dd c l a s s ( add , add ) ;
addc l a s s ( exp ) ; addc l a s s ( s c a l e ) ; −> addc l a s s ( bandre j ec t ) ;

65 addc l a s s (amp) ; addc l a s s ( bandpass ) ; addc l a s s ( bandre j ec t ) ;
addc l a s s ( constant ) ; addc l a s s ( copy ) ; addc l a s s ( de lay ) ;
addc l a s s ( echo ) ; addc l a s s ( fbde lay ) ; addc l a s s ( feedback ) ;
addc l a s s ( h a l f r e c t i f y ) ; addc l a s s ( h ighpass ) ; addc l a s s ( i nv e r t ) ;
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addc l a s s ( lowpass ) ; addc l a s s (mul ) ; addc l a s s ( notch ) ;
70 addc l a s s ( p r i n t ) ; addc l a s s ( pu l s e ) ; addc l a s s ( ramp) ;

addc l a s s ( read8svx ) ; addc l a s s ( r eads l ab ) ; addc l a s s ( r e c t i f y ) ;
addc l a s s ( s i n e ) ; addc l a s s ( s p l i t ) ; addc l a s s ( toparam ) ;
addc l a s s ( t r i a n g l e ) ; addc l a s s ( vox ) ; addc l a s s ( wh i t eno i s e ) ;
addc l a s s ( wr i te8svx ) ; addc l a s s ( w r i t e s l ab ) ; addc l a s s ( z f i l t e r ) ;

75 −> I n i t i a l i s e ob j e c t l i s t
n ew l i s t ( s e l f . o b j e c t s )
−> I n i t i a l i s e parameters
s e l f . r a t e := DEF RATE
s e l f . runtime := 0 .5

80 ENDPROC

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC end ( ) OF ke rne l
85 DEF s : PTR TO e f f e c t , n : PTR TO node , c : PTR TO classnode , t

−> Free ob j e c t s
n := s e l f . o b j e c t s . head . next
WHILE ( t := n . next ) <> NIL

s := nod e 2 e f f e c t (n)
90 END s

n := t
ENDWHILE
−> Free c l a s s e s
c := s e l f . c l a s s e s . head . next

95 WHILE ( t := c . next ) <> NIL
END c
c := t

ENDWHILE
ENDPROC

100

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

−> Note ” ” , new ( ) i s used f o r c on s t ru c t o r s
PROC new ( c l a s s , name) OF ke rne l

105 DEF c : PTR TO classnode , f
IF ( c := f i nd ( s e l f . c l a s s e s , c l a s s ) ) = NIL

Throw(ERR NO SUCH CLASS, c l a s s )
ENDIF
IF f i nd ( s e l f . ob j ec t s , name) THEN Throw(ERR NAME ALREADY USED, name)

110 f := c . newf
−> compi ler warning , v a r i a b l e used as func t i on
f ( s e l f . ob j ec t s , name , NIL) −> l a s t v a r i ab l e i s dummy f o r ” func ”

ENDPROC

115 /∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC de l e t e (name) OF ke rne l
DEF s : PTR TO e f f e c t
IF ( s := nod e 2 e f f e c t ( f i nd ( s e l f . ob j ec t s , name) ) ) = nod e 2 e f f e c t (NIL)

120 Throw(ERR NO SUCH NAME, name)
ENDIF
END s

ENDPROC

125 /∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/
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PROC l i n k ( source , output , dest , input ) OF ke rne l
DEF s : PTR TO e f f e c t , s id , d : PTR TO e f f e c t , did
IF ( s := nod e 2 e f f e c t ( f i nd ( s e l f . ob j ec t s , source ) ) ) = nod e 2 e f f e c t (NIL)

130 Throw(ERR NO SUCH NAME, source )
ENDIF
IF ( s i d := s . output2id ( output ) ) = ID INVALID

Throw(ERR NO SUCH OUTPUT, output )
ENDIF

135 IF (d := nod e 2 e f f e c t ( f i nd ( s e l f . ob j ec t s , des t ) ) ) = nod e 2 e f f e c t (NIL)
Throw(ERR NO SUCH NAME, dest )

ENDIF
IF ( did := d . input2 id ( input ) ) = ID INVALID

Throw(ERR NO SUCH INPUT, input )
140 ENDIF

l i n k ( s , s id , d , did ) −> workaround f o r bug in EC
ENDPROC

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/
145

−> Note ” ” , s e t ( ) i s to s e t parameters ( f o r c on s i s t ency with e f f e c t c l a s s e s )
PROC s e t (name , param , value : PTR TO value ) OF ke rne l

DEF s : PTR TO e f f e c t , id , obj
IF ( s := nod e 2 e f f e c t ( f i nd ( s e l f . ob j ec t s , name) ) ) = nod e 2 e f f e c t (NIL)

150 Throw(ERR NO SUCH NAME, name)
ENDIF
IF ( id := s . param2id (param) ) = ID INVALID

Throw(ERR NO SUCH PARAM, param)
ENDIF

155 IF value . type <> s . paramtype ( id ) THEN Throw(ERR BAD PARAMTYPE, value )
IF value . type = TYPE OBJPART −> get ob j e c t po in t e r from s t r i n g

obj := f i nd ( s e l f . ob j ec t s , va lue . data : : va lu e ob jpa r t . obj )
IF obj = NIL

Throw(ERR NO SUCH NAME, value . data : : va lu e ob jpa r t . obj )
160 ENDIF

value . data : : v a lu e ob jpa r t . obj := nod e 2 e f f e c t ( obj )
ENDIF
s . s e t ( id , va lue . data )

ENDPROC
165

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC paramtype (name , param) OF ke rne l
DEF s : PTR TO e f f e c t , id

170 IF ( s := nod e 2 e f f e c t ( f i nd ( s e l f . ob j ec t s , name) ) ) = nod e 2 e f f e c t (NIL)
Throw(ERR NO SUCH NAME, name)

ENDIF
IF ( id := s . param2id (param) ) = ID INVALID

Throw(ERR NO SUCH PARAM, param)
175 ENDIF

ENDPROC s . paramtype ( id )

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

180 PROC r e s e t ( ) OF ke rne l
DEF n : PTR TO node , s : PTR TO e f f e c t
n := s e l f . o b j e c t s . head . next
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WHILE n . next <> NIL
s := nod e 2 e f f e c t (n)

185 s . r e s e t ( )
n := n . next

ENDWHILE
ENDPROC

190 /∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC run ( ) OF ke rne l
DEF n : PTR TO node , s : PTR TO e f f e c t , t
−> Move any toparam ob j e c t s to end o f l i s t

195 n := s e l f . o b j e c t s . t a i l . prev
WHILE ( t := n . prev ) <> NIL

s := nod e 2 e f f e c t (n)
IF strcmp ( ’ toparam ’ , s . c l a s s ( ) )

remove (n)
200 add ( s e l f . ob j ec t s , n )

ENDIF
n := t

ENDWHILE
−> Check sourc e s

205 n := s e l f . o b j e c t s . head . next
WHILE n . next <> NIL

s := nod e 2 e f f e c t (n)
IF s . i s s o u r c e ( ) THEN s . check ( )
n := n . next

210 ENDWHILE
/∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗/

−> How many samples to run f o r
−> s e l f . r a t e := 44100 −>maxsamplerate ( s e l f . o b j e c t s . head . next )
−> s e l f . runsmps := ! s e l f . runtime ∗ s e l f . r a t e !

215 s e l f . runsmps := 22050
/∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗/

−> Run
FOR t := 1 TO s e l f . runsmps DO s e l f . runonce ( )

ENDPROC
220

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC runonce ( ) OF ke rne l
DEF n : PTR TO node , s : PTR TO e f f e c t

225 −> c a l l p roce s s o f s ou r c e s
n := s e l f . o b j e c t s . head . next
WHILE n . next <> NIL

s := nod e 2 e f f e c t (n)
IF s . i s s o u r c e ( ) THEN s . p roce s s ( )

230 n := n . next
ENDWHILE
−> c l e a r a l l
n := s e l f . o b j e c t s . head . next
WHILE n . next <> NIL

235 s := nod e 2 e f f e c t (n)
s . c l e a r ( )
n := n . next

ENDWHILE
ENDPROC
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240

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/
/∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗/

PROC maxsamplerate ( node : PTR TO node )
245 DEF s : PTR TO e f f e c t , r a t e = 0 . 0 , newrate

WHILE node . next <> NIL
s := nod e 2 e f f e c t ( node )
IF s . i s s o u r c e ( )

newrate := s . get (ID RATE)
250 IF ! newrate > r a t e THEN rate := newrate

ENDIF
node := node . next

ENDWHILE
ENDPROC

255

/∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗/
/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

−> c l a s snode funct i ons , g en e r i c macro (macros in E are l im i t ed to one l i n e
260 −> without ” ; ” , so a dummy argument i s used in s t ead o f DEF)

#de f i n e func ( type ) \
PROC type ( l i s t , name , o = NIL : PTR TO type ) IS NEW o . new( l i s t , name)

−> a l r eady a func t i on add ( ) in l i s t . e , so use add ( )
265 PROC add ( l i s t , name , o = NIL : PTR TO add ) IS NEW o . new( l i s t , name)

func ( exp ) ; func ( s c a l e ) ; −> f unc ( bandre j ec t ) ; func ( constant ) ;
func (amp) ; func ( bandpass ) ; func ( bandre j ec t ) ; func ( constant ) ;
func ( copy ) ; func ( de lay ) ; func ( echo ) ; func ( fbde lay ) ;

270 f unc ( feedback ) ; func ( h a l f r e c t i f y ) ; func ( h ighpass ) ; func ( i nv e r t ) ;
func ( lowpass ) ; func (mul ) ; func ( notch ) ; func ( p r i n t ) ;
func ( pu l s e ) ; func ( ramp) ; func ( read8svx ) ; func ( r eads l ab ) ;
func ( r e c t i f y ) ; func ( s i n e ) ; func ( s p l i t ) ; func ( toparam ) ;
func ( t r i a n g l e ) ; func ( vox ) ; func ( wh i t eno i s e ) ; func ( wr i te8svx ) ;

275 f unc ( wr i t e s l ab ) ; func ( z f i l t e r ) ;

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−+
| END: ke rne l . e |
+==========================================================================∗/

40 Source/link.e

/∗==========================================================================+
| l i n k . e |
| Ef f e c t i n t e r c on e c t i o n s t r u c tu r e and func t i on s |
| |

5 | For examples o f usage , s e e in1out1 . e |
| |
| newlink ( l ink , e f f e c t , input ) i n i t i a l i s e l ink , g i v ing d e s t i n a t i on |
| l i n k ( source , output , dest , input ) l i n k e f f e c t s |
| c l e a r l i n k ( l i n k ) r e s e t data and ready be f o r e next sample |

10 | output l ink ( l ink , data ) c a l l s input o f the d e s t i n a t i on |
| unl ink ( l i n k ) un l ink s the input from both ends |
| |
+−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/
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15 OPT MODULE, PREPROCESS
OPT EXPORT

MODULE ’∗ e f f e c t ’ , ’∗ defs ’ , ’∗debug ’

20 /∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

OBJECT l i n k
PUBLIC

to : PTR TO e f f e c t −> owner o f input
25 t i d : LONG −> input id

from : PTR TO e f f e c t −> source o f output
f i d : LONG −> output id
data : LONG −> sample data
ready : LONG −> input s e t t h i s time

30 r a t e : LONG −> l i n k sample ra t e
ENDOBJECT

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

35 PROC newlink ( l i n k : PTR TO l ink , e f f e c t : PTR TO e f f e c t , input )
a s s e r t ( l ink , ’ l i n k . newlink ’ )
l i n k . to := e f f e c t
l i n k . t i d := input
l i n k . r a t e := DEF RATE

40 l i n k . from := NIL
l i n k . f i d := ID INVALID
c l e a r l i n k ( l i n k )

ENDPROC

45 /∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC l i n k ( source : PTR TO e f f e c t , output , des t : PTR TO e f f e c t , input )
DEF l i n k = NIL : PTR TO l i n k
−> a l low us ing l i n k ( ) to s e t input / output to nothing

50 IF dest THEN l i n k := dest . ge t input ( input ) −> except ion i f i n v a l i d
IF source THEN source . se toutput ( output , l i n k ) −> except ion i f i n v a l i d
IF l i n k −> va l id , change data

l i n k . from := source
l i n k . f i d := output

55 ENDIF
ENDPROC

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

60 PROC c l e a r l i n k ( l i n k : PTR TO l i n k )
a s s e r t ( l ink , ’ l i n k . c l e a r l i n k ’ )
l i n k . data := 0 .0
l i n k . ready := FALSE

ENDPROC
65

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC output l ink ( l i n k : PTR TO l ink , data )
a s s e r t ( l ink , ’ l i n k . output l ink . l ink ’ )

70 a s s e r t ( l i n k . to , ’ l i n k . output l ink . to ’ )
l i n k . data := data
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l i n k . ready := TRUE
IF l i n k . to . i s r e ady ( ) THEN l i n k . to . p roce s s ( )

ENDPROC
75

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC unl ink ( l i n k : PTR TO l i n k )
IF l i n k

80 IF l i n k . from <> NIL
l i n k . from . setoutput ( l i n k . f i d , NIL)
l i n k . from := NIL
l i n k . f i d := ID INVALID

ENDIF
85 c l e a r l i n k ( l i n k )

ENDIF
ENDPROC

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−+
90 | END: l i n k . e |

+==========================================================================∗/

41 Source/link .e

/∗==========================================================================+
| l i n k . e |
| Workaround f o r bug in EC |
+−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

5

OPT MODULE

MODULE ’∗ l i nk ’

10 EXPORT PROC l i n k (a , b , c , d ) IS l i n k (a , b , c , d )

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−+
| END: l i n k . e |
+==========================================================================∗/

42 Source/list.e

/∗==========================================================================+
| l i s t . e |
| Low l e v e l l i s t type , with named nodes ( case i n s e n s i t i v e , s e e s t r i n g . e ) |
| |

5 | At each end the l i s t i s terminated with a node that i s part o f the l i s t |
| s t r u c tu r e . See f i nd f o r an example o f t r a v e r s i n g a l i s t . |
| |
| new l i s t ( l i s t ) prepare a l i s t f o r use |
| add ( l i s t , node ) add a node to ( the t a i l o f ) the l i s t |

10 | remove ( node ) remove a node from a l i s t ( s a f e to remove twice ) |
| f i nd ( l i s t , name) f i nd a named node , r e tu rn s the node or NIL |
| |
+−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

15 OPT MODULE, PREPROCESS
OPT EXPORT
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slab Source/list.e

MODULE ’∗ s t r i ng ’ , ’∗debug ’

20 /∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

OBJECT node
next : PTR TO node
prev : PTR TO node

25 name : PTR TO CHAR
ENDOBJECT

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

30 OBJECT l i s t
head : node
t a i l : node

ENDOBJECT

35 /∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC new l i s t ( l i s t : PTR TO l i s t )
a s s e r t ( l i s t , ’ l i s t . n ew l i s t . l i s t ’ )
l i s t . head . next := l i s t . t a i l

40 l i s t . head . prev := NIL
l i s t . t a i l . next := NIL
l i s t . t a i l . prev := l i s t . head

ENDPROC

45 /∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC add ( l i s t : PTR TO l i s t , node : PTR TO node )
a s s e r t ( l i s t , ’ l i s t . add . l i s t ’ )
a s s e r t ( node , ’ l i s t . add . node ’ )

50 node . next := l i s t . t a i l
node . prev := l i s t . t a i l . prev
node . prev . next := node
node . next . prev := node

ENDPROC
55

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC remove ( node : PTR TO node )
a s s e r t ( node , ’ l i s t . remove . node ’ )

60 IF ( node . prev <> NIL) AND ( node . next <> NIL)
node . prev . next := node . next
node . next . prev := node . prev
node . next := NIL −> make s a f e to remove ( ) twice
node . prev := NIL

65 ENDIF
ENDPROC

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

70 PROC f ind ( l i s t : PTR TO l i s t , name)
DEF n : PTR TO node
a s s e r t ( l i s t , ’ l i s t . f i nd . l i s t ’ )
n := l i s t . head . next −> f i r s t ” r e a l node
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slab Source/lowpass.e

WHILE n . next <> NIL −> ” fake ” l a s t node has next = NIL
75 IF strcmp (n . name , name) THEN RETURN n

n := n . next
ENDWHILE

ENDPROC NIL

80 /∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−+
| END: l i s t . e |
+==========================================================================∗/

43 Source/lowpass.e

/∗==========================================================================+
| lowpass . e |
| Ef f e c t c l a s s ” lowpass ” , low pass f i l t e r |
+−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

5

OPT MODULE, PREPROCESS

MODULE ’∗ defs ’ , ’∗ f i l t e r ’ , ’∗ l i nk ’

10 EXPORT OBJECT lowpass OF f i l t e r
ENDOBJECT

PROC new( l i s t , name) OF lowpass
SUPER s e l f . new( l i s t , name)

15 s e l f . f r e q := 250 .0
s e l f . s e t r e c a l c ( )
s e l f . r e s e t ( )

ENDPROC

20 PROC c l a s s ( ) OF lowpass IS ’ lowpass ’

PROC r e c a l c ( ) OF lowpass
DEF c , in : PTR TO l i n k
SUPER s e l f . r e c a l c ( )

25 in := s e l f . ge t input (ID MAIN)
c := ! 1 .0 / Ftan ( ! PI ∗ s e l f . f r e q / in . r a t e )
s e l f . a0 := ! 1 .0 / ( ! 1 . 0 + ( ! ( ! c + Fsqrt ( 2 . 0 ) ) ∗ c ) )
s e l f . a1 := ! 2 .0 ∗ s e l f . a0
s e l f . a2 := s e l f . a0

30 s e l f . b1 := ! s e l f . a1 ∗ ( ! c ∗ c − 1 . 0 )
s e l f . b2 := ! − s e l f . a0 ∗ ( ! 1 . 0 + ( ! ( ! c − Fsqrt ( 2 . 0 ) ) ∗ c ) )

ENDPROC

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−+
35 | END: lowpass . e |

+==========================================================================∗/

44 Source/main.e

/∗==========================================================================+
| main . e |
| System entry po int |
| |

5 | E automat i ca l l y opens exec . l i b r a ry , dos . l i b r a r y , math ieees ingbas . l i b r a r y |
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slab Source/main.e

| and math i e ee s ing t rans . l i b r a r y |
| |
+−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

10 OPT PREPROCESS

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

MODULE ’∗ c l i ’ , ’∗ rnd ’ , ’∗ s t r i ng ’
15

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

−> workaround f o r not being ab le to use EXIT in LOOP
#de f i n e EXIT(x ) IF (x ) THEN JUMP ex i t end l o op

20

PROC main ( ) HANDLE

DEF c l i = NIL : PTR TO c l i , i n s t r = NIL : PTR TO CHAR, a l l o c ou t = FALSE

25 −> I n i t i a l i s e
IF stdout = NIL −> not s t a r t ed from system CLI ( eg , from Workbench )

stdout := Open ( ’KCON:////SLab/CLOSE/WAIT’ , NEWFILE)
IF stdout = NIL THEN CleanUp (20) −> DOS return code FAIL
a l l o c ou t := TRUE −> don ’ t c l o s e i f not ours

30 ENDIF
i n i t s e e d ($AF7642B9) −> random number seed
NEW c l i . new ( )

−> Main loop
35 i n s t r := St r ing (1024) −> a l low long input

LOOP
PrintF(’>> ’ ) −> prompt
IF Fgets ( stdout , i n s t r , 1023) −> bug in OS, sometimes wr i t e s ⤦

Ç past end
EXIT( c l i . parse ( i n s t r ) )

40 ELSE
−> EOF, i e c l o s e window or cont ro l −\
PrintF ( ’\n ’ ) −> no return entered by user , neat ⤦

Ç output
EXIT( TRUE )

ENDIF
45 ENDLOOP

ex i t e nd l o op :

PrintF ( ’∗∗ Bye !\n ’ ) −> e x i t message

50 EXCEPT DO

−> Clean up
IF c l i THEN END c l i
IF a l l o c ou t

55 Close ( stdout ) −> w i l l be open , CleanUp ( ) ed above i f not
stdout := NIL

ENDIF

−> Report f a t a l e r r o r s
60 SELECT except ion
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slab Source/mul.e

CASE 0 ; RETURN 0 −> no e r r o r
CASE ”MEM” ; PrintF ( ’∗∗ Error : out o f memory\n ’ )
CASE ”NEW”; PrintF ( ’∗∗ Error : out o f memory\n ’ )
−> Should never be seen

65 CASE ” a s r t ”
PrintF ( ’∗∗ Error : a s s e r t i o n f a i l e d in ”\ s ”\n ’ , e x c ep t i on i n f o )

DEFAULT
PrintF ( ’∗∗ Error : \z\h [ 8 ] \z\h [ 8 ] \ n ’ , except ion , e x c ep t i on i n f o )

ENDSELECT
70

ENDPROC 5 −> DOS return code WARN

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−+
| END: main . e |

75 +==========================================================================∗/

45 Source/mul.e

/∗==========================================================================+
| mul . e |
| Ef f e c t c l a s s ”mul” , mu l t i p l i e s a l l inputs |
+−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

5

OPT MODULE

MODULE ’∗ defs ’ , ’∗ inmout1 ’ , ’∗debug ’

10 EXPORT OBJECT mul OF inmout1
ENDOBJECT

PROC c l a s s ( ) OF mul IS ’mul ’

15 PROC proce s s ( ) OF mul
DEF i , o = 0 .0
SUPER s e l f . p roce s s ( )
FOR i := 1 TO s e l f . i npu t s ( ) DO o := ! o ∗ s e l f . i n ( i )
s e l f . output (ID MAIN , o )

20 ENDPROC

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−+
| END: mul . e |
+==========================================================================∗/

46 Source/notch.e

/∗==========================================================================+
| notch . e |
| Ef f e c t c l a s s ”notch” |
| |

5 | Simple notch f i l t e r , us ing a z f i l t e r with 2 po l e s and 2 ze ro s . The z e ro s |
| are at the ” f requency ” s p e c i f i e d with rad iu s 1 , the po l e s are at rad iu s |
| ”depth ” . The c l o s e r ”depth” i s to 1 , the narrower the notch . |
| |
| Features : input ”main ” , output ”main ” , parameters ”depth” and ” frequency ” |

10 | |
+−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/
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slab Source/notch.e

OPT MODULE, PREPROCESS

15 MODULE ’∗ conta iner ’ , ’∗ defs ’ , ’∗ s t r i ng ’ , ’∗ z f i l t e r ’

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

EXPORT OBJECT notch OF conta ine r
20 PRIVATE

f i l t e r : PTR TO z f i l t e r −> f o r d e l e ga t i on purposes only
ENDOBJECT

PROC c l a s s ( ) OF notch IS ’ notch ’
25

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC new( l i s t , name) OF notch
SUPER s e l f . new( l i s t , name)

30 −> c r e a t e par t s
NEW s e l f . f i l t e r . new( s e l f . l i s t , ’ n o t c h z f i l t e r ’ )
−> s e t parameters
s e l f . f i l t e r . s e t (ID POLES , 2 . 0 )
s e l f . f i l t e r . s e t (ID ZEROS , 2 . 0 )

35 s e l f . f i l t e r . s e t (ID MULTI ZERO R + 1 , 1 . 0 )
s e l f . f i l t e r . s e t (ID MULTI ZERO R + 2 , 1 . 0 )
s e l f . s e t (ID DEPTH, 0 . 9 )
s e l f . s e t (ID FREQUENCY, 440 .0 )

ENDPROC
40

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC input2 id ( s t r ) OF notch
ENDPROC IF strcmp (IDS MAIN , s t r ) THEN ID MAIN ELSE SUPER s e l f . input2 id ( s t r )

45

PROC output2id ( s t r ) OF notch
ENDPROC IF strcmp (IDS MAIN , s t r ) THEN ID MAIN ELSE SUPER s e l f . output2id ( s t r )

PROC id2 input ( id ) OF notch
50 ENDPROC IF id = ID MAIN THEN IDS MAIN ELSE SUPER s e l f . id2 input ( id )

PROC id2output ( id ) OF notch
ENDPROC IF id = ID MAIN THEN IDS MAIN ELSE SUPER s e l f . id2output ( id )

55 /∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC param2id ( s t r ) OF notch
IF strcmp (IDS DEPTH, s t r ) ; RETURN ID DEPTH
ELSEIF strcmp (IDS FREQUENCY, s t r ) ; RETURN ID FREQUENCY

60 ENDIF
ENDPROC SUPER s e l f . param2id ( s t r )

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

65 PROC id2param ( id ) OF notch
SELECT id
CASE ID DEPTH; RETURN IDS DEPTH
CASE ID FREQUENCY; RETURN IDS FREQUENCY
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slab Source/notch.e

ENDSELECT
70 ENDPROC SUPER s e l f . id2param ( id )

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC paramtype ( id ) OF notch
75 SELECT id

CASE ID DEPTH; RETURN s e l f . f i l t e r . paramtype (ID MULTI POLE R + 1)
CASE ID FREQUENCY; RETURN s e l f . f i l t e r . paramtype (ID MULTI POLE F + 1)
ENDSELECT

ENDPROC SUPER s e l f . paramtype ( id )
80

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC se t ( id , data ) OF notch
SELECT id

85 CASE ID DEPTH
s e l f . f i l t e r . s e t (ID MULTI POLE R + 1 , data )
s e l f . f i l t e r . s e t (ID MULTI POLE R + 2 , data )
s e l f . s e t r e c a l c ( )

CASE ID FREQUENCY
90 s e l f . f i l t e r . s e t (ID MULTI POLE F + 1 , data )

s e l f . f i l t e r . s e t (ID MULTI POLE F + 2 , ! −data )
s e l f . f i l t e r . s e t (ID MULTI ZERO F + 1 , data )
s e l f . f i l t e r . s e t (ID MULTI ZERO F + 2 , ! −data )
s e l f . s e t r e c a l c ( )

95 DEFAULT; SUPER s e l f . s e t ( id , data )
ENDSELECT

ENDPROC

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/
100

PROC get ( id ) OF notch
SELECT id
CASE ID DEPTH; RETURN s e l f . f i l t e r . get (ID MULTI POLE R + 1)
CASE ID FREQUENCY; RETURN s e l f . f i l t e r . get (ID MULTI POLE F + 1)

105 ENDSELECT
ENDPROC SUPER s e l f . get ( id )

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

110 PROC get input ( id ) OF notch
SELECT id
CASE ID MAIN ; RETURN s e l f . f i l t e r . ge t input ( id )
ENDSELECT

ENDPROC SUPER s e l f . ge t input ( id )
115

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC setoutput ( id , l i n k ) OF notch
SELECT id

120 CASE ID MAIN ; RETURN s e l f . f i l t e r . s e toutput ( id , l i n k )
ENDSELECT

ENDPROC SUPER s e l f . s e toutput ( id , l i n k )

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−+
125 | END: notch . e |
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slab Source/osc.e

+==========================================================================∗/

47 Source/osc.e

/∗==========================================================================+
| osc . e |
| Ef f e c t base c l a s s ” osc ” |
| |

5 | Osc i l l a t o r , c o n t r o l l e d by parameters ” f requency ” , ” amplitude ” , ”phase” |
| |
| osc . o s c i l l a t o r ( time ) implemented by der ived c l a s s e s , t h i s i s c a l l e d with |
| 0 .0 <= time < 1 . 0 , c a l c u l a t ed from the parameters |
| and the cur rent sample time |

10 | |
+−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

OPT MODULE, PREPROCESS

15 MODULE ’∗ defs ’ , ’∗ in0out1 ’ , ’∗ s t r i ng ’ , ’∗ value ’ , ’∗debug ’

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

EXPORT OBJECT osc OF in0out1
20 PRIVATE

f r e q : LONG −> f r equency
ampl : LONG −> amplitude
phase : LONG −> phase
time : LONG −> ” time”

25 dt : LONG −> ” time” step
ENDOBJECT

PROC c l a s s ( ) OF osc IS ’ osc ’
PROC o s c i l l a t o r ( time ) OF osc IS 0 .0 −> compi ler : unre f e r enced ” time”

30

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC new( l i s t , name) OF osc
SUPER s e l f . new( l i s t , name)

35 s e l f . r a t e := DEF RATE
s e l f . f r e q := 440 .0 −> conce r t p i t ch A
s e l f . ampl := 1 .0
s e l f . phase := 0 .0
s e l f . time := 0 .0

40 s e l f . s e t r e c a l c ( ) −> dt needs to be r e c a l c u l a t e d
ENDPROC

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

45 PROC param2id ( s t r ) OF osc
IF strcmp (IDS FREQUENCY, s t r ) ; RETURN ID FREQUENCY
ELSEIF strcmp (IDS AMPLITUDE, s t r ) ; RETURN ID AMPLITUDE
ELSEIF strcmp (IDS PHASE , s t r ) ; RETURN ID PHASE
ENDIF

50 ENDPROC SUPER s e l f . param2id ( s t r )

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/
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PROC id2param ( id ) OF osc
55 SELECT id

CASE ID FREQUENCY; RETURN IDS FREQUENCY
CASE ID AMPLITUDE; RETURN IDS AMPLITUDE
CASE ID PHASE ; RETURN IDS PHASE
ENDSELECT

60 ENDPROC SUPER s e l f . id2param ( id )

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC paramtype ( id ) OF osc
65 SELECT id

CASE ID FREQUENCY; RETURN TYPENUMBER
CASE ID AMPLITUDE; RETURN TYPENUMBER
CASE ID PHASE ; RETURN TYPENUMBER
ENDSELECT

70 ENDPROC SUPER s e l f . paramtype ( id )

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC se t ( id , data ) OF osc
75 SELECT id

CASE ID FREQUENCY; s e l f . f r e q := data ; s e l f . s e t r e c a l c ( )
CASE ID AMPLITUDE; s e l f . ampl := data
CASE ID PHASE ; s e l f . phase := data
DEFAULT; SUPER s e l f . s e t ( id , data )

80 ENDSELECT
ENDPROC

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

85 PROC get ( id ) OF osc
SELECT id
CASE ID FREQUENCY; RETURN s e l f . f r e q
CASE ID AMPLITUDE; RETURN s e l f . ampl
CASE ID PHASE ; RETURN s e l f . phase

90 ENDSELECT
ENDPROC SUPER s e l f . get ( id )

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

95 PROC r e c a l c ( ) OF osc
SUPER s e l f . r e c a l c ( )
s e l f . dt := ! s e l f . f r e q / s e l f . r a t e

ENDPROC

100 /∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC r e s e t ( ) OF osc
SUPER s e l f . r e s e t ( )
s e l f . time := 0 .0

105 ENDPROC

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC proce s s ( ) OF osc
110 DEF time
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SUPER s e l f . p roce s s ( )
time := ! s e l f . time + s e l f . dt −> next t
s e l f . time := ! time − Ff l oo r ( time ) −> 0 <= t < 1
time := ! s e l f . time + s e l f . phase

115 time := ! time − Ff l oo r ( time ) −> 0 <= t < 1
s e l f . output (ID MAIN , ! s e l f . ampl ∗ s e l f . o s c i l l a t o r ( time ) )

ENDPROC

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−+
120 | END: osc . e |

+==========================================================================∗/

48 Source/print.e

/∗==========================================================================+
| pr in t . e |
| Ef f e c t c l a s s ” p r i n t ” |
| Used in debugging only , as i t p r i n t s the ob j e c t name and the input to the |

5 | s c r e en each time proce s s i s c a l l e d . |
+−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

OPT MODULE
OPT EXPORT

10

MODULE ’∗ defs ’ , ’∗ in1out0 ’ , ’∗ l i s t ’

RAISE ”MEM” IF St r ing ( ) = NIL

15 /∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

OBJECT pr in t OF in1out0
PRIVATE

bu f f e r : PTR TO CHAR −> E−St r ing
20 ENDOBJECT

PROC c l a s s ( ) OF pr in t IS ’ pr int ’

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/
25

PROC new( l i s t , name) OF pr in t
SUPER s e l f . new( l i s t , name)
s e l f . b u f f e r := St r ing (32)

ENDPROC
30

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC end ( ) OF pr in t
DisposeLink ( s e l f . b u f f e r )

35 s e l f . b u f f e r := NIL
ENDPROC SUPER s e l f . end ( )

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

40 PROC proce s s ( ) OF pr in t
DEF n : PTR TO node
SUPER s e l f . p roce s s ( )
n := s e l f . node
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PrintF ( ’\ s \ s \n ’ , n . name , RealF ( s e l f . bu f f e r , s e l f . main ( ) , 8) )
45 ENDPROC

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−+
| END: p r in t . e |
+==========================================================================∗/

49 Source/pulse.e

/∗==========================================================================+
| pu l s e . e |
| Ef f e c t c l a s s ” pu l s e ” |
| A pul se wave o s c i l l a t o r , with parameter ”width” |

5 +−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

OPT MODULE, PREPROCESS
OPT EXPORT

10 MODULE ’∗ defs ’ , ’∗ osc ’ , ’∗ s t r i ng ’ , ’∗ value ’

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

OBJECT pul se OF osc
15 PRIVATE

width : LONG
ENDOBJECT

PROC c l a s s ( ) OF pu l s e IS ’ pulse ’
20 PROC o s c i l l a t o r ( time ) OF pu l s e IS IF ! time > s e l f . width THEN −1.0 ELSE 1 .0

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC new( l i s t , name) OF pu l s e
25 SUPER s e l f . new( l i s t , name)

s e l f . width := 0 .5
ENDPROC

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/
30

PROC param2id ( s t r ) OF pu l s e
ENDPROC IF strcmp (IDS WIDTH, s t r ) THEN ID WIDTH ELSE SUPER s e l f . param2id ( s t r )

PROC id2param ( id ) OF pu l s e
35 ENDPROC IF id = ID WIDTH THEN IDS WIDTH ELSE SUPER s e l f . id2param ( id )

PROC paramtype ( id ) OF pu l s e
ENDPROC IF id = ID WIDTH THEN TYPENUMBER ELSE SUPER s e l f . paramtype ( id )

40 PROC get ( id ) OF pu l s e
ENDPROC IF id = ID WIDTH THEN s e l f . width ELSE SUPER s e l f . get ( id )

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

45 PROC se t ( id , data ) OF pu l s e
SELECT id
CASE ID WIDTH; s e l f . width := data
DEFAULT; SUPER s e l f . s e t ( id , data )
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ENDSELECT
50 ENDPROC

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−+
| END: pu l s e . e |
+==========================================================================∗/

50 Source/ramp.e

/∗==========================================================================+
| ramp . e |
| Ef f e c t c l a s s ”ramp” , ramp o s c i l l a t o r |
+−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

5

OPT MODULE

MODULE ’∗ osc ’

10 EXPORT OBJECT ramp OF osc
ENDOBJECT

PROC o s c i l l a t o r ( time ) OF ramp IS ! 2 . 0 ∗ time − 1 .0

15 PROC c l a s s ( ) OF ramp IS ’ ramp ’

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−+
| END: ramp . e |
+==========================================================================∗/

51 Source/read8svx.e

/∗==========================================================================+
| read8svx . e |
| Ef f e c t c l a s s ” read8svx ” , read from an IFF 8SVX sample f i l e |
+−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

5

OPT MODULE, PREPROCESS

MODULE ’∗ defs ’ , ’∗ f i l e ’ , ’∗ read ’ , ’∗ i f f 8 s v x f f ’ , ’∗ s t r i ng ’ , ’∗ value ’ ,
’∗debug ’ , ’ dos/dos ’

10

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

EXPORT OBJECT read8svx OF read
PRIVATE

15 vhdr : i f f 8 s v x vhd r −> data
l en : LONG −> number o f samples
pos : LONG −> cur rent sample p o s i t i o n ( s t a r t i n g at 0)

ENDOBJECT

20 PROC c l a s s ( ) OF read8svx IS ’ read8svx ’

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC new( l i s t , name) OF read8svx
25 SUPER s e l f . new( l i s t , name)
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ENDPROC

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

30 −> Workaround f o r d e f i c i e n c y in E
#de f i n e EXIT(x ) IF (x ) THEN JUMP ex i t end l o op

PROC s ta r t r e ad ( ) OF read8svx
DEF fh , id , len , gotvhdr = FALSE

35 IF fh := s e l f . f h ( )
IF read u long ( fh ) <> MAGICFORM THEN Throw(ERR BAD FILE FORMAT, ⤦

Ç fh )
read u long ( fh ) −> f i l e l ength − 4
IF read u long ( fh ) <> MAGIC 8SVX THEN Throw(ERR BAD FILE FORMAT, ⤦

Ç fh )
LOOP −> up to BODY chunk

40 id := read u long ( fh ) −> Exception e x i t s loop i f EOF
len := read u long ( fh )
SELECT id
CASE MAGICVHDR −> vo i c e header

gotvhdr := TRUE
45 IF l en <> SIZEOF i f f 8 s v x vhd r

Throw(ERR BAD FILE FORMAT, fh )
ENDIF
−> l en = SIZEOF i f f 8 s v x vhd r
IF read ( fh , s e l f . vhdr , l en ) = FALSE

50 Throw(ERR BAD FILE FORMAT, fh )
ENDIF
−> check parameters
IF ( s e l f . vhdr . oc taves <> 1) OR −> no ⤦

Ç mult ioctave
( s e l f . vhdr . compress ion <> 0) −> no ⤦

Ç compress ion
55 Throw(ERR BAD FILE FORMAT, fh )

ENDIF
CASE MAGICBODY

IF gotvhdr = FALSE THEN Throw(⤦
Ç ERR BAD FILE FORMAT, fh )

−> At s t a r t o f sample data
60 s e l f . l en := len

EXIT(TRUE)
DEFAULT

−> Skip unknown chunk
Seek ( fh , len , OFFSET CURRENT)

65 ENDSELECT
ENDLOOP

ex i t e nd l o op :
ENDIF
s e l f . pos := 0

70 ENDPROC

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC proce s s ( ) OF read8svx
75 DEF smp = 0.0

SUPER s e l f . p roce s s ( )
IF ( s e l f . pos < s e l f . l en ) AND s e l f . f h ( )
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smp := read sbyte ( s e l f . f h ( ) ) ! / 128 .0
ENDIF

80 s e l f . pos := s e l f . pos + 1
ENDPROC s e l f . output (ID MAIN , smp)

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−+
| END: read8svx . e |

85 +==========================================================================∗/

52 Source/read.e

/∗==========================================================================+
| read . e |
| Ef f e c t base c l a s s ” read ” |
| Read from a f i l e , s e t by parameter ” f i l e ” |

5 | |
| read . s t a r t r e ad ( ) s o r t out header i n f o etc , c a l l e d when f i l e changed |
| read . s topread ( ) c l ean up , c a l l e d when f i l e changed |
| both the above re turn succes s , new ve r s i on s should |
| c a l l SUPER, both should handle fh being NIL |

10 | read . f h ( ) get f i l e handle |
| read . s e t f i l e (name) s e t f i l e to name , c a l l s s topread and s t a r t r e ad |
| |
+−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

15 OPT MODULE, PREPROCESS
OPT EXPORT

MODULE ’∗ defs ’ , ’∗ in0out1 ’ , ’∗ s t r i ng ’ , ’∗ value ’

20 /∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

OBJECT read OF in0out1
PRIVATE

fname : PTR TO CHAR −> f i l e name
25 fh : LONG −> f i l e handle

ENDOBJECT

PROC c l a s s ( ) OF read IS ’ read ’
PROC fh ( ) OF read IS s e l f . fh

30 PROC s ta r t r e ad ( ) OF read IS TRUE −> read header i n f o
PROC stopread ( ) OF read IS TRUE −> con s i s t en cy checks ?

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

35 PROC s e t f i l e ( fname ) OF read
s e l f . s topread ( )
IF s e l f . fh THEN Close ( s e l f . fh )
s e l f . fname := fname
s e l f . fh := IF fname THEN Open( fname , OLDFILE) ELSE NIL

40 s e l f . s t a r t r e ad ( )
ENDPROC s e l f . fh <> NIL

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

45 PROC new( l i s t , name) OF read
SUPER s e l f . new( l i s t , name)
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s e l f . s e t f i l e (NIL)
ENDPROC

50 /∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC end ( ) OF read
s e l f . s e t f i l e (NIL)

ENDPROC SUPER s e l f . end ( )
55

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC param2id ( s t r ) OF read
ENDPROC IF strcmp ( IDS FILE , s t r ) THEN ID FILE ELSE SUPER s e l f . param2id ( s t r )

60

PROC id2param ( id ) OF read
ENDPROC IF id = ID FILE THEN IDS FILE ELSE SUPER s e l f . id2param ( id )

PROC paramtype ( id ) OF read
65 ENDPROC IF id = ID FILE THEN TYPE STRING ELSE SUPER s e l f . paramtype ( id )

PROC se t ( id , data ) OF read
ENDPROC IF id = ID FILE THEN s e l f . s e t f i l e ( data ) ELSE SUPER s e l f . s e t ( id , data )

70 PROC get ( id ) OF read
ENDPROC IF id = ID FILE THEN s e l f . fname ELSE SUPER s e l f . get ( id )

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

75 PROC r e s e t ( ) OF read
SUPER s e l f . r e s e t ( )
s e l f . s e t f i l e ( s e l f . fname ) −> r e s e t f i l e to s t a r t

ENDPROC

80 /∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−+
| END: read . e |
+==========================================================================∗/

53 Source/readslab.e

/∗==========================================================================+
| r eads l ab . e |
| Ef f e c t c l a s s ” r eads l ab ” |
| Read from a SLab sample f i l e ( s e e s l ab . txt ) | ⤦

Ç ⤦

Ç |
5 | Parameter ” normal ize ” = ”on” / ” o f f ” normal i ze s output |

+−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

OPT MODULE, PREPROCESS
OPT EXPORT

10

MODULE ’∗ defs ’ , ’∗ f i l e ’ , ’∗ read ’ , ’∗ s l a b f f ’ , ’∗ s t r i ng ’ , ’∗ value ’ , ’∗debug ’

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

15 OBJECT reads l ab OF read
PRIVATE
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i n f o : s l a b i n f o −> data
norm : LONG −> normal ize ?
l en : LONG −> number o f samples

20 pos : LONG −> cur rent sample p o s i t i o n ( s t a r t i n g at 0)
ENDOBJECT

PROC c l a s s ( ) OF reads l ab IS ’ reads lab ’

25 /∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC new( l i s t , name) OF reads l ab
SUPER s e l f . new( l i s t , name)
s e l f . norm := TRUE

30 ENDPROC

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC s ta r t r e ad ( ) OF reads l ab
35 DEF fh

IF fh := s e l f . f h ( )
IF read u long ( fh ) <> MAGIC SLab THEN Throw(ERR BAD FILE FORMAT, ⤦

Ç fh )
read u long ( fh ) −> f i l e l ength − 4
IF read u long ( fh ) <> MAGIC Info THEN Throw(ERR BAD FILE FORMAT, ⤦

Ç fh )
40 IF read u long ( fh ) <> 12 THEN Throw(ERR BAD FILE FORMAT, ⤦

Ç fh )
s e l f . i n f o . r a t e := read u long ( fh )
s e l f . i n f o . b i a s := read u long ( fh )
s e l f . i n f o . ampl := read u long ( fh )
IF read u long ( fh ) <> MAGIC Data THEN Throw(ERR BAD FILE FORMAT, ⤦

Ç fh )
45 s e l f . l en := Div ( read u long ( fh ) , 4) −> standard ∗ / are only 16⤦

Ç b i t
ENDIF
s e l f . pos := 0

ENDPROC

50 /∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC param2id ( s t r ) OF reads l ab
IF strcmp (IDS NORMALIZE, s t r ) ; RETURN ID NORMALIZE
ENDIF

55 ENDPROC SUPER s e l f . param2id ( s t r )

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC id2param ( id ) OF reads l ab
60 SELECT id

CASE ID NORMALIZE; RETURN IDS NORMALIZE
ENDSELECT

ENDPROC SUPER s e l f . id2param ( id )

65 /∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC paramtype ( id ) OF reads l ab
SELECT id
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CASE ID NORMALIZE; RETURN TYPE STRING
70 ENDSELECT

ENDPROC SUPER s e l f . paramtype ( id )

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

75 PROC se t ( id , data ) OF reads l ab
SELECT id
CASE ID NORMALIZE

IF strcmp (IDS ON , data )
s e l f . norm := TRUE

80 ELSEIF strcmp (IDS OFF , data )
s e l f . norm := FALSE

ELSE
Throw(ERR BAD RANGE, data )

ENDIF
85 RETURN TRUE

ENDSELECT
ENDPROC SUPER s e l f . s e t ( id , data )

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/
90

PROC get ( id ) OF reads l ab
SELECT id
CASE ID NORMALIZE; RETURN IF s e l f . norm THEN IDS ON ELSE IDS OFF
ENDSELECT

95 ENDPROC SUPER s e l f . get ( id )

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC proce s s ( ) OF reads l ab
100 DEF smp = 0.0

SUPER s e l f . p roce s s ( )
IF ( s e l f . pos < s e l f . l en ) AND s e l f . f h ( )

smp := read u long ( s e l f . f h ( ) )
IF s e l f . norm THEN smp := ! ( ! smp − s e l f . i n f o . b i a s ) / s e l f . i n f o .⤦

Ç ampl
105 ENDIF

s e l f . pos := s e l f . pos + 1
ENDPROC s e l f . output (ID MAIN , smp)

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−+
110 | END: reads l ab . e |

+==========================================================================∗/

54 Source/rectify.e

/∗==========================================================================+
| r e c t i f y . e |
| Ef f e c t c l a s s ” r e c t i f y ” , r e c t i f i e s input |
+−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

5

OPT MODULE

MODULE ’∗ defs ’ , ’∗ in1out1 ’

10 EXPORT OBJECT r e c t i f y OF in1out1
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ENDOBJECT

PROC c l a s s ( ) OF r e c t i f y IS ’ r e c t i f y ’

15 PROC proce s s ( ) OF r e c t i f y
SUPER s e l f . p roce s s ( )
s e l f . output (ID MAIN , Fabs ( s e l f . main ( ) ) )

ENDPROC

20 /∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−+
| END: r e c t i f y . e |
+==========================================================================∗/

55 Source/rnd.e

/∗==========================================================================+
| rnd . e |
| Generate random numbers |
| |

5 | i n i t s e e d ( newseed ) i n i t i a l i s e the seed |
| f rnd ( ) r e tu rn s a random f l o a t between −1 and 1 |
| |
+−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

10 OPT MODULE

DEF seed −> E doesn ’ t a l low g l oba l s in modules to be i n i t i a l i s e d

EXPORT PROC i n i t s e e d ( newseed ) IS seed := newseed
15

−> RndQ g iv e s a f u l l −range 32 b i t value , not r e a l l y very random though
EXPORT PROC frnd ( ) IS ( seed := RndQ( seed ) ) ! / ( Shl (1 , 31) ! )

/∗==========================================================================+
20 | END: rnd . e |

+−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

56 Source/scale.e

/∗==========================================================================+
| s c a l e . e |
| Ef f e c t c l a s s ” s c a l e ” , s c a l e s input to f i t a new range |
+−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

5

OPT MODULE

MODULE ’∗ defs ’ , ’∗ in1out1 ’

10 EXPORT OBJECT s c a l e OF in1out1
ENDOBJECT

PROC c l a s s ( ) OF s c a l e IS ’ s ca l e ’

15 PROC proce s s ( ) OF s c a l e
SUPER s e l f . p roce s s ( )
s e l f . output (ID MAIN , s c a l e ( 0 . 0 , 1 . 0 , 20 . 0 , 2000 .0 , s e l f . main ( ) ) )
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slab Source/sine.e

ENDPROC

20 PROC s c a l e (min0 , max0 , min1 , max1 , x )
DEF sh i f t , s c a l e
s h i f t := ! max1 − max0
s c a l e := ! ( ! max1 − min1 ) / ( ! max0 − min0 )

ENDPROC ! ( ! x + s h i f t ) ∗ s c a l e
25

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−+
| END: s c a l e . e |
+==========================================================================∗/

57 Source/sine.e

/∗==========================================================================+
| s i n e . e |
| Ef f e c t c l a s s ” s i n e ” , s i n e o s c i l l a t o r |
+−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

5

OPT MODULE, PREPROCESS

MODULE ’∗ defs ’ , ’∗ osc ’

10 EXPORT OBJECT s in e OF osc
ENDOBJECT

PROC o s c i l l a t o r ( time ) OF s i n e IS Fsin ( ! PI2 ∗ time ) −> 2 PI ∗ time

15 PROC c l a s s ( ) OF s i n e IS ’ s ine ’

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−+
| END: s i n e . e |
+==========================================================================∗/

58 Source/slab ff.e

/∗==========================================================================+
| s l a b f f . e |
| SLab f i l e format d e f i n i t i o n s ( s ee s l ab . txt ) |
+−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

5

OPT MODULE
OPT EXPORT

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/
10

OBJECT s l a b i n f o
ra t e : LONG −> r e a l l y f l o a t s
b i a s : LONG
ampl : LONG

15 ENDOBJECT

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

CONST MAGIC SLab = ”SLab” , MAGIC Info = ” In fo ” , MAGIC Data = ”Data”
20
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slab Source/split.e

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−+
| END: s l a b f f . e |
+==========================================================================∗/

59 Source/split.e

/∗==========================================================================+
| s p l i t . e |
| Ef f e c t c l a s s ” s p l i t ” , sends input to a l l outputs |
+−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

5

OPT MODULE

MODULE ’∗ defs ’ , ’∗ in1outm ’ , ’∗debug ’

10 EXPORT OBJECT s p l i t OF in1outm
ENDOBJECT

PROC c l a s s ( ) OF s p l i t IS ’ s p l i t ’

15 PROC proce s s ( ) OF s p l i t
DEF i
SUPER s e l f . p roce s s ( )
FOR i := 1 TO s e l f . outputs ( ) DO s e l f . output ( s e l f . out ( i ) , s e l f . i n ( ) )

ENDPROC
20

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−+
| END: s p l i t . e |
+==========================================================================∗/

60 Source/string.e

/∗==========================================================================+
| s t r i n g . e |
| St r ing func t i on s |
| |

5 | strcmp ( st r1 , s t r 2 ) r e tu rn s TRUE i f equal ( case i n s e n s i t i v e ) |
| strncmp ( str1 , s t r2 , n ) as strcmp , with number o f chars to compare |
| |
+−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

10 OPT MODULE
OPT EXPORT

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

15 PROC strcmp ( s1 : PTR TO CHAR, s2 : PTR TO CHAR)
IF ( s1 = NIL) OR ( s2 = NIL) THEN RETURN FALSE
WHILE s1 [ 0 ] = s2 [ 0 ]

IF s1 [ 0 ] = 0 THEN RETURN TRUE
INC s1

20 INC s2
ENDWHILE

ENDPROC FALSE

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/
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slab Source/testcbuffer.e

25

PROC strncmp ( s1 : PTR TO CHAR, s2 : PTR TO CHAR, n)
DEF i
IF ( s1 = NIL) OR ( s2 = NIL) THEN RETURN FALSE
FOR i := 0 TO n − 1

30 IF s1 [ i ] <> s2 [ i ] THEN RETURN FALSE
ENDFOR

ENDPROC TRUE

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−+
35 | END: s t r i n g . e |

+==========================================================================∗/

61 Source/testcbuffer.e

/∗==========================================================================+
| t e s t c b u f f e r . e |
| Test c i r c u l a r bu f f e r c l a s s |
+−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

5

MODULE ’∗ cbu f f e r ’

ENUM ERROK = 0 , ERRMATHLIB

10 RAISE ”MEM” IF St r ing ( ) = NIL

PROC main ( ) HANDLE

DEF a = NIL : PTR TO cbu f f e r ,
15 b = NIL : PTR TO cbu f f e r ,

c = NIL : PTR TO cbu f f e r ,
in = 0 .0 : LONG,
i = 0 : LONG,
bin = NIL : PTR TO CHAR, −> e s t r i n g bu f f e r s f o r RealF ( )

20 ba = NIL : PTR TO CHAR,
bb = NIL : PTR TO CHAR,
bc = NIL : PTR TO CHAR,
bd = NIL : PTR TO CHAR

25 NEW a . new ( 5 . 0 ) −> check i n t e g e r l ength
NEW b . new ( 5 . 5 ) −> check f r a c t i o n a l l ength
NEW c . new ( 1 . 0 ) −> check shor t l ength

bin := St r ing (16)
30 ba := St r ing (16)

bb := St r ing (16)
bc := St r ing (16)
bd := St r ing (16)

35 PrintF ( ’ i \ t i n \ ta \ tb\ tc \ ta ( −3 .2) \n ’ )

FOR i := 1 TO 80
IF i = 10 THEN c . s e t l e ng th ( 5 0 . 0 ) −> check r e a l l o c a t i o n
IF i = 20 THEN a . s e t l e ng th ( 8 . 0 ) −> check i n c r e a s e

40 IF i = 40 THEN b . s e t l e ng th ( 3 . 0 ) −> check dec r ea se
IF i = 50 THEN a . c l e a r ( ) −> check c l e a r
IF i = 60 THEN c . s e t l e ng th ( 0 . 0 ) −> check zero l ength
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in := i ! ∗ . 1
a . wr i t e ( in ) −> check wr i t e

45 b . wr i t e ( in )
c . wr i t e ( in )
RealF ( bin , in , 4)
RealF (ba , a . read ( ) , 4) −> check read
RealF (bb , b . read ( ) , 4)

50 RealF ( bc , c . read ( ) , 4)
RealF (bd , a . r e ad r e l ( −3 .2) , 4) −> check r e l a t i v e read
PrintF ( ’\d [ 2 ] \ t \ s \ t \ s \ t \ s \ t \ s \ t \ s \n ’ , i , bin , ba , bb , bc , bd )
a . next ( ) −> check next
b . next ( )

55 c . next ( )
ENDFOR

EXCEPT DO

60 IF bc THEN Dispose ( bc )
IF bb THEN Dispose (bb)
IF ba THEN Dispose ( ba )
IF bin THEN Dispose ( bin )

65 IF c THEN END c
IF b THEN END b
IF a THEN END a

SELECT except ion
70 CASE ERR OK

RETURN 0
CASE ERRMATHLIB

PrintF ( ’∗∗ Error : couldn ’ ’ t open ”math ieees ingbas . l i b r a r y ”\n ’ )
CASE ” a s r t ”

75 PrintF ( ’∗∗ Error : a s s e r t i o n f a i l e d in ”\ s ”\n ’ , e x c ep t i on i n f o )
DEFAULT

PrintF ( ’∗∗ Unknown e r r o r : \z\h [ 8 ] \z\h [ 8 ] \ n ’ ,
except ion , e x c ep t i on i n f o )

ENDSELECT
80

ENDPROC 5

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−+
| END: t e s t c b u f f e r . e |

85 +==========================================================================∗/

62 Source/testrnd.e

/∗==========================================================================+
| t e s t rnd . e |
| Test random numbers |
+−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

5

OPT REG = 5 −> use r e g i s t e r v a r i a b l e s

MODULE ’∗ rnd ’

10 PROC main ( )
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DEF num = 0 .0 , sum = 0 .0 , avg = 0 . 0 , abssum = 0 .0 , absavg = 0 . 0 ,
h i cnt = 0 , l o cn t = 0 , h i eqcnt = 0 , l o eqcnt = 0 , buf [ 1 6 ] : STRING, i

15 i n i t s e e d ($3F44A8B3)

FOR i := 1 TO 100000
num := frnd ( )
sum := ! sum + num

20 abssum := ! abssum + Fabs (num)
IF ! num > 1 .0 THEN INC hicnt
IF ! num < −1.0 THEN INC locn t
IF ! num = 1.0 THEN INC hieqcnt
IF ! num = −1.0 THEN INC loeqcnt

25 ENDFOR
avg := ! sum / 100000.0
absavg := ! abssum / 100000.0

PrintF ( ’ avg = \ s , expected 0 .0\n ’ , RealF ( buf , avg , 8) )
30 PrintF ( ’ absavg = \ s , expected 0 .5\n ’ , RealF ( buf , absavg , 8) )

PrintF ( ’ h i cnt = \d , should be 0\n ’ , h i cnt )
PrintF ( ’ l o cn t = \d , should be 0\n ’ , l o cn t )
PrintF ( ’ h i eqcnt = \d , should be 0\n ’ , h i eqcnt )
PrintF ( ’ l o eqcnt = \d , should be 0\n ’ , l o eqcnt )

35

ENDPROC

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−+
| END: t e s t rnd . e |

40 +==========================================================================∗/

63 Source/toparam.e

/∗==========================================================================+
| toparam . e |
| Ef f e c t c l a s s ”toparam” |
| Set parameters accord ing to sample data |

5 | |
| i s r e ady ( ) i s FALSE, so that p roce s s i s not c a l l e d when input i s r e c i e v ed |
| i s s o u r c e ( ) i s TRUE, so proce s s i s c a l l e d by ke rne l in run |
| |
| The run command moves a l l toparam ob j e c t s to the end o f the l i s t , so that |

10 | t h e i r input w i l l have a r r i v ed by the time proce s s i s c a l l e d . For t h i s |
| reason c l a s s ( ) should not be rep laced in any der ived c l a s s e s . |
| |
+−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

15 OPT MODULE, PREPROCESS

MODULE ’∗ defs ’ , ’∗ e f f e c t ’ , ’∗ in1out0 ’ , ’∗ s t r i ng ’ , ’∗ value ’ , ’∗debug ’

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/
20

EXPORT OBJECT toparam OF in1out0
PRIVATE

obj : PTR TO e f f e c t
pid : LONG

25 l a s t : LONG

126



slab Source/toparam.e

ENDOBJECT

PROC c l a s s ( ) OF toparam IS ’ toparam ’
PROC i s s o u r c e ( ) OF toparam IS TRUE

30 PROC i s r eady ( ) OF toparam IS FALSE

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC new( l i s t , name) OF toparam
35 SUPER s e l f . new( l i s t , name)

s e l f . obj := NIL
s e l f . pid := ID INVALID
s e l f . l a s t := 0 .0

ENDPROC
40

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC param2id ( s t r ) OF toparam
ENDPROC IF strcmp (IDS TO , s t r ) THEN ID TO ELSE SUPER s e l f . param2id ( s t r )

45

PROC id2param ( id ) OF toparam
ENDPROC IF id = ID TO THEN IDS TO ELSE SUPER s e l f . id2param ( id )

PROC paramtype ( id ) OF toparam
50 ENDPROC IF id = ID TO THEN TYPE OBJPART ELSE SUPER s e l f . paramtype ( id )

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC se t ( id , data ) OF toparam
55 DEF op : PTR TO va lue ob jpa r t

SELECT id
CASE ID TO

op := data
s e l f . obj := op . obj −> ( v a l i d ) po inter , but op . pid i s s t r i n g

60 s e l f . pid := s e l f . obj . param2id ( op . pid )
IF s e l f . pid = ID INVALID THEN Throw(ERR NO SUCH PARAM, op . pid )
IF s e l f . obj . paramtype ( s e l f . pid ) <> TYPENUMBER

Throw(ERRPARAMNOTNUMBER, op . pid )
ENDIF

65 s e l f . l a s t := 0 .0
DEFAULT; SUPER s e l f . s e t ( id , data )
ENDSELECT

ENDPROC

70 /∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC get ( id ) OF toparam
SELECT id
CASE ID TO ; RETURN [ s e l f . obj , s e l f . pid ] : va l u e ob jpa r t

75 ENDSELECT
ENDPROC SUPER s e l f . get ( id )

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

80 PROC proce s s ( ) OF toparam
SUPER s e l f . p roce s s ( )
IF ( ! s e l f . l a s t <> s e l f . main ( ) ) AND s e l f . obj
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s e l f . obj . s e t ( s e l f . pid , s e l f . main ( ) )
ENDIF

85 ENDPROC

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC c l e a r ( ) OF toparam
90 s e l f . l a s t := s e l f . main ( )

SUPER s e l f . c l e a r ( )
ENDPROC

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/
95

PROC r e s e t ( ) OF toparam
SUPER s e l f . r e s e t ( )
s e l f . l a s t := 0 .0

ENDPROC
100

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−+
| END: feedback . e |
+==========================================================================∗/

64 Source/triangle.e

/∗==========================================================================+
| t r i a n g l e . e |
| Ef f e c t c l a s s ” t r i a n g l e ” , t r i a n g l e o s c i l l a t o r |
+−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

5

OPT MODULE

MODULE ’∗ osc ’

10 EXPORT OBJECT t r i a n g l e OF osc
ENDOBJECT

PROC o s c i l l a t o r ( time ) OF t r i a n g l e
IF ! time < 0 .25 THEN RETURN ! 4 .0 ∗ time

15 IF ! time < 0 .75 THEN RETURN ! 4 .0 ∗ ( ! 0 . 5 − time )
IF ! time < 1 .00 THEN RETURN ! 4 .0 ∗ ( ! time − 1 . 0 )

ENDPROC 0.0

PROC c l a s s ( ) OF t r i a n g l e IS ’ t r i a ng l e ’
20

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−+
| END: t r i a n g l e . e |
+==========================================================================∗/

65 Source/value.e

/∗==========================================================================+
| value . e |
| Value s t r u c tu r e |
+−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

5

OPT MODULE
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OPT EXPORT

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/
10

OBJECT value
PUBLIC

type : LONG −> TYPE #?
data : LONG

15 ENDOBJECT

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

OBJECT va lue ob jpa r t
20 PUBLIC

obj : LONG −> po in t e r to e f f e c t ob j e c t ( or name)
pid : LONG −> e f f e c t part ( input , output , param) ID ( or name)

ENDOBJECT

25 /∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

ENUM TYPE INVALID = 0 ,
TYPENUMBER, −> f l o a t
TYPE STRING, −> cha rac t e r s t r i n g

30 TYPE OBJPART −> va lu e ob jpa r t

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−+
| END: value . e |
+==========================================================================∗/

66 Source/vox.e

/∗==========================================================================+
| vox . e |
| Ef f e c t c l a s s ”vox” |
| |

5 | Sends out input only once i t has exceeded parameter ” th r e sho ld ” |
| |
| WARNING: e f f e c t s l i nked ( even i n d i r e c t l y ) to one vox can have no inputs |
| not from that vox without unpred i c tab l e r e s u l t s ( removing a c e r t a i n vox |
| should cause the network o f e f f e c t s to f a l l i n t o two unconnected par t s ) . |

10 | |
+−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

OPT MODULE, PREPROCESS

15 MODULE ’∗ defs ’ , ’∗ in1out1 ’ , ’∗ s t r i ng ’ , ’∗ value ’

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

EXPORT OBJECT vox OF in1out1
20 PRIVATE

thre sho ld : LONG −> c u t o f f l e v e l
max : LONG −> cur rent maximum atta ined ( th r e sho ld may change )

ENDOBJECT

25 PROC c l a s s ( ) OF vox IS ’ vox ’
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/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC new( l i s t , name) OF vox
30 SUPER s e l f . new( l i s t , name)

s e l f . th r e sho ld := 0.0001
s e l f . r e s e t ( )

ENDPROC

35 /∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC param2id ( s t r ) OF vox
IF strcmp (IDS THRESHOLD, s t r ) ; RETURN ID THRESHOLD
ENDIF

40 ENDPROC SUPER s e l f . param2id ( s t r )

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC id2param ( id ) OF vox
45 SELECT id

CASE ID THRESHOLD; RETURN IDS THRESHOLD
ENDSELECT

ENDPROC SUPER s e l f . id2param ( id )

50 /∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC paramtype ( id ) OF vox
SELECT id
CASE ID THRESHOLD; RETURN TYPENUMBER

55 ENDSELECT
ENDPROC SUPER s e l f . paramtype ( id )

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

60 PROC se t ( id , data ) OF vox
SELECT id
CASE ID THRESHOLD; s e l f . th r e sho ld := data
DEFAULT; SUPER s e l f . s e t ( id , data )
ENDSELECT

65 ENDPROC

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC get ( id ) OF vox
70 SELECT id

CASE ID THRESHOLD; RETURN s e l f . th r e sho ld
ENDSELECT

ENDPROC SUPER s e l f . get ( id )

75 /∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC r e s e t ( ) OF vox
SUPER s e l f . r e s e t ( )
s e l f .max := 0 .0

80 ENDPROC

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/
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PROC proce s s ( ) OF vox
85 SUPER s e l f . p roce s s ( )

IF ! Fabs ( s e l f . main ( ) ) > s e l f .max THEN s e l f .max := Fabs ( s e l f . main ( ) )
IF ! s e l f .max > s e l f . th r e sho ld THEN s e l f . output (ID MAIN , s e l f . main ( ) )

ENDPROC

90 /∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−+
| END: vox . e |
+==========================================================================∗/

67 Source/whitenoise.e

/∗==========================================================================+
| whi t eno i s e . e |
| Ef f e c t c l a s s ” wh i t eno i s e ” , white no i s e ( random values , between −1 and 1) |
+−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

5

OPT MODULE

MODULE ’∗ defs ’ , ’∗ in0out1 ’ , ’∗ rnd ’

10 EXPORT OBJECT whi t eno i s e OF in0out1
ENDOBJECT

PROC c l a s s ( ) OF whi t eno i s e IS ’ whiteno i se ’

15 PROC proce s s ( ) OF whi t eno i s e
SUPER s e l f . p roce s s ( )
s e l f . output (ID MAIN , f rnd ( ) )

ENDPROC

20 /∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−+
| END: wh i t eno i s e . e |
+==========================================================================∗/

68 Source/write8svx.e

/∗==========================================================================+
| wri te8svx . e |
| Ef f e c t c l a s s ”wr i te8svx ” , wr i t e to an IFF 8SVX sample f i l e |
+−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

5

OPT MODULE, PREPROCESS

MODULE ’∗ defs ’ , ’∗ f i l e ’ , ’∗ i f f 8 s v x f f ’ , ’∗ rnd ’ , ’∗ s t r i ng ’ , ’∗ value ’ ,
’∗ write ’ , ’ dos/dos ’

10

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

EXPORT OBJECT wri te8svx OF wr i t e
PRIVATE

15 vhdr : i f f 8 s v x vhd r
pos : LONG −> cur rent sample p o s i t i o n ( s t a r t i n g at 0)

ENDOBJECT

PROC c l a s s ( ) OF wr i te8svx IS ’ write8svx ’
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20

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC new( l i s t , name) OF wr i te8svx
SUPER s e l f . new( l i s t , name)

25 s e l f . vhdr . h ioc t sample s := 0 −> f i x e d in s topwr i t e
s e l f . vhdr . r e p e a t s t a r t := 0
s e l f . vhdr . r epea t l eng th := 0
s e l f . vhdr . r a t e := 44100 −> f i x e d in s topwr i t e
s e l f . vhdr . oc taves := 1

30 s e l f . vhdr . compress ion := 0
s e l f . vhdr . volume := 65536

ENDPROC

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/
35

PROC s t a r tw r i t e ( ) OF wr i te8svx
DEF fh
IF fh := s e l f . f h ( )

wr i t e u l ong ( fh , MAGICFORM)
40 wr i t e u l ong ( fh , 0) −> f i x e d in s topwr i t e

wr i t e u l ong ( fh , MAGIC 8SVX)
wr i t e u l ong ( fh , MAGICVHDR)
wr i t e u l ong ( fh , SIZEOF i f f 8 s v x vhd r )
IF wr i t e ( fh , s e l f . vhdr , SIZEOF i f f 8 s v x vhd r ) = FALSE

45 Throw(” f i l e ” , fh )
ENDIF
wr i t e u l ong ( fh , MAGICBODY)
wr i t e u l ong ( fh , 0) −> f i x e d in s topwr i t e

ENDIF
50 s e l f . pos := 0

ENDPROC

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

55 PROC stopwr i t e ( ) OF wr i te8svx
DEF fh
IF fh := s e l f . f h ( )

Seek ( fh , 4 , OFFSET BEGINNING) −> FORM. length
wr i t e u l ong ( fh , 20 + SIZEOF i f f 8 s v x vhd r + s e l f . pos )

60 Seek ( fh , 20 , OFFSET BEGINNING) −> VHDR. hisamples
wr i t e u l ong ( fh , s e l f . pos )
Seek ( fh , 24 + SIZEOF i f f 8 s vx vhd r , OFFSET BEGINNING)
wr i t e u l ong ( fh , s e l f . pos ) −> BODY. length

ENDIF
65 ENDPROC

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC proce s s ( ) OF wr i te8svx
70 DEF smp

SUPER s e l f . p roce s s ( )
smp := ! s e l f . main ( ) ∗ 128 .0 !
IF s e l f . f h ( ) THEN wr i t e sby t e ( s e l f . f h ( ) , Bounds (smp , −128 , 127) )
s e l f . pos := s e l f . pos + 1

75 ENDPROC

132



slab Source/write.e

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−+
| END: wr i te8svx . e |
+==========================================================================∗/

69 Source/write.e

/∗==========================================================================+
| wr i t e . e |
| Ef f e c t base c l a s s ” wr i t e ” |
| Write to a f i l e , s e t by parameter ” f i l e ” |

5 | |
| WARNING: wr i t e . r e s e t ( ) causes e x i s t i n g output f i l e to be wiped |
| |
| wr i t e . s t a r tw r i t e ( ) s o r t out header i n f o etc , c a l l e d when f i l e changed |
| wr i t e . s t opwr i t e ( ) c l ean up , c a l l e d when f i l e changed |

10 | both the above re turn succes s , new ve r s i on s should |
| c a l l SUPER, both should handle fh being NIL |
| wr i t e . f h ( ) get f i l e handle |
| wr i t e . s e t f i l e (name) s e t f i l e to name , c a l l s s t opwr i t e and s t a r tw r i t e |
+−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

15

OPT MODULE, PREPROCESS

MODULE ’∗ defs ’ , ’∗ in1out0 ’ , ’∗ s t r i ng ’ , ’∗ value ’

20 /∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

EXPORT OBJECT wr i t e OF in1out0
PRIVATE

fname : PTR TO CHAR −> f i l e name
25 fh : LONG −> f i l e handle

ENDOBJECT

PROC c l a s s ( ) OF wr i t e IS ’ write ’
PROC fh ( ) OF wr i t e IS s e l f . fh

30 PROC s t a r tw r i t e ( ) OF wr i t e IS TRUE −> wr i t e header s t r u c tu r e
PROC stopwr i t e ( ) OF wr i t e IS TRUE −> wr i t e header data ( eg l ength )

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

35 PROC s e t f i l e ( fname ) OF wr i t e
s e l f . s t opwr i t e ( )
IF s e l f . fh THEN Close ( s e l f . fh )
s e l f . fname := fname
s e l f . fh := IF fname THEN Open( fname , NEWFILE) ELSE NIL

40 s e l f . s t a r tw r i t e ( )
ENDPROC s e l f . fh <> NIL

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

45 PROC new( l i s t , name) OF wr i t e
SUPER s e l f . new( l i s t , name)
s e l f . s e t f i l e (NIL)

ENDPROC

50 /∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/
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PROC end ( ) OF wr i t e
s e l f . s e t f i l e (NIL)

ENDPROC SUPER s e l f . end ( )
55

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC param2id ( s t r ) OF wr i t e
ENDPROC IF strcmp ( IDS FILE , s t r ) THEN ID FILE ELSE SUPER s e l f . param2id ( s t r )

60

PROC id2param ( id ) OF wr i t e
ENDPROC IF id = ID FILE THEN IDS FILE ELSE SUPER s e l f . id2param ( id )

PROC paramtype ( id ) OF wr i t e
65 ENDPROC IF id = ID FILE THEN TYPE STRING ELSE SUPER s e l f . paramtype ( id )

PROC se t ( id , data ) OF wr i t e
ENDPROC IF id = ID FILE THEN s e l f . s e t f i l e ( data ) ELSE SUPER s e l f . s e t ( id , data )

70 PROC get ( id ) OF wr i t e
ENDPROC IF id = ID FILE THEN s e l f . fname ELSE SUPER s e l f . get ( id )

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

75 PROC r e s e t ( ) OF wr i t e
SUPER s e l f . r e s e t ( )
s e l f . s e t f i l e ( s e l f . fname )

ENDPROC

80 /∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−+
| END: wr i t e . e |
+==========================================================================∗/

70 Source/writeslab.e

/∗==========================================================================+
| wr i t e s l ab . e |
| Ef f e c t c l a s s ” wr i t e s l ab ” , wr i t e to a SLab sample f i l e |
+−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

5

OPT MODULE, PREPROCESS

MODULE ’∗ defs ’ , ’∗ f i l e ’ , ’∗ s l a b f f ’ , ’∗ s t r i ng ’ , ’∗ value ’ , ’∗ write ’ , ’ dos/dos ’

10 /∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

EXPORT OBJECT wr i t e s l ab OF wr i t e
PRIVATE

in f o : s l a b i n f o −> data
15 pos : LONG −> cur rent sample p o s i t i o n ( s t a r t i n g at 0)

ENDOBJECT

PROC c l a s s ( ) OF wr i t e s l ab IS ’ wr i t e s l ab ’

20 /∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC new( l i s t , name) OF wr i t e s l ab
SUPER s e l f . new( l i s t , name)
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s e l f . i n f o . r a t e := 44100.0
25 s e l f . i n f o . b i a s := 0 .0

s e l f . i n f o . ampl := 0 .0 −> changed in proce s s to r e a l max
ENDPROC

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/
30

PROC s t a r tw r i t e ( ) OF wr i t e s l ab
DEF fh
IF fh := s e l f . f h ( )

wr i t e u l ong ( fh , MAGIC SLab)
35 wr i t e u l ong ( fh , 0) −> f i x e d in s topwr i t e

wr i t e u l ong ( fh , MAGIC Info )
wr i t e u l ong ( fh , 12)
wr i t e u l ong ( fh , 0) −> f i x e d in s topwr i t e
wr i t e u l ong ( fh , 0) −> f i x e d in s topwr i t e

40 wr i t e u l ong ( fh , 0) −> f i x e d in s topwr i t e
wr i t e u l ong ( fh , MAGIC Data)
wr i t e u l ong ( fh , 0) −> f i x e d in s topwr i t e

ENDIF
s e l f . pos := 0

45 ENDPROC

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC stopwr i t e ( ) OF wr i t e s l ab
50 DEF fh

IF fh := s e l f . f h ( )
Seek ( fh , 4 , OFFSET BEGINNING)
wr i t e u l ong ( fh , 24 + ( s e l f . pos ∗ 4) )
Seek ( fh , 16 , OFFSET BEGINNING)

55 wr i t e u l ong ( fh , s e l f . i n f o . r a t e )
wr i t e u l ong ( fh , ! s e l f . i n f o . b i a s / ( s e l f . pos ! ) )
wr i t e u l ong ( fh , IF ! s e l f . i n f o . ampl=0.0 THEN 1.0 ELSE s e l f . i n f o .⤦

Ç ampl )
wr i t e u l ong ( fh , MAGIC Data)
Seek ( fh , 32 , OFFSET BEGINNING)

60 wr i t e u l ong ( fh , Mul( s e l f . pos , 4) ) −> normal ∗ / i s only 16⤦
Ç b i t

ENDIF
ENDPROC

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/
65

PROC proce s s ( ) OF wr i t e s l ab
DEF smp
smp := s e l f . main ( )
SUPER s e l f . p roce s s ( )

70 IF s e l f . f h ( ) THEN wr i t e u l ong ( s e l f . f h ( ) , smp)
s e l f . i n f o . b i a s := ! s e l f . i n f o . b i a s + smp
IF ! s e l f . i n f o . ampl < Fabs (smp) THEN s e l f . i n f o . ampl := Fabs (smp)
s e l f . pos := s e l f . pos + 1

ENDPROC
75

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−+
| END: wr i t e s l ab . e |
+==========================================================================∗/
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71 Source/zfilter.e

/∗==========================================================================+
| z f i l t e r . e |
| Ef f e c t c l a s s ” z f i l t e r ” |
| z−plane f i l t e r s , s e e mathematical appendix |

5 | |
| Parameters : |
| ” po l e s ” 0 <= number o f po l e s <= 31 \ l im i t due to number o f |
| ” ze ro s ” 0 <= number o f z e r o s <= 31 / unsigned b i t s in a LONG |
| ”poleXr” 0 <= pole X rad iu s < 1 |

10 | ” poleXf ” − r a t e / 2 < po le X frequency <= rate / 2 |
| ” zeroXr” 0 <= zero X rad iu s < 1 |
| ” zeroXf ” − r a t e / 2 < zero X frequency <= rate / 2 |
+−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

15 OPT MODULE, PREPROCESS

MODULE ’∗ cbu f f e r ’ , ’∗ defs ’ , ’∗ in1out1 ’ , ’∗ l i nk ’ , ’∗ s t r i ng ’ , ’∗ value ’ ,
’∗debug ’

20 /∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

−> S t a t i c a r rays make a l l o b j e c t s l a rge , but make implementation much s imple r
EXPORT OBJECT z f i l t e r OF in1out1
PRIVATE

25 p : LONG −> po l e s ( i n t e g e r )
z : LONG −> z e ro s ( i n t e g e r )
pf [ 3 2 ] : ARRAY OF LONG −> po le f r e q \ po la r form , as s e t
pr [ 3 2 ] : ARRAY OF LONG −> po le rad iu s |
z f [ 3 2 ] : ARRAY OF LONG −> zero f r e q |

30 zr [ 3 2 ] : ARRAY OF LONG −> zero rad iu s /
px [ 3 2 ] : ARRAY OF LONG −> po le x \ c a r t e s i a n form , f o r c a l c
py [ 3 2 ] : ARRAY OF LONG −> po le y |
zx [ 3 2 ] : ARRAY OF LONG −> zero x |
zy [ 3 2 ] : ARRAY OF LONG −> zero y /

35 rx [ 3 2 ] : ARRAY OF LONG −> r e cu r s i on x
ry [ 3 2 ] : ARRAY OF LONG −> r e cu r s i on y ( ry [ 0 ] not used )
x : PTR TO cbu f f e r −> prev ious input samples
y : PTR TO cbu f f e r −> prev ious output samples

ENDOBJECT
40

PROC c l a s s ( ) OF z f i l t e r IS ’ z f i l t e r ’

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

45 PROC new( l i s t , name) OF z f i l t e r
SUPER s e l f . new( l i s t , name)
s e l f . p := 0 −> empty f i l t e r , out = in
s e l f . z := 0
−> ar rays s e t be f o r e use , no need to c l e a r

50 NEW s e l f . x . new ( 32 . 0 ) −> maximum length
NEW s e l f . y . new ( 32 . 0 )

ENDPROC

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/
55
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PROC end ( ) OF z f i l t e r
END s e l f . y −> de l e t e sample bu f f e r s
END s e l f . x

ENDPROC SUPER s e l f . end ( )
60

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC r e s e t ( ) OF z f i l t e r
SUPER s e l f . r e s e t ( )

65 a s s e r t ( s e l f . x , ’ z f i l t e r . r e s e t . x ’ )
a s s e r t ( s e l f . y , ’ z f i l t e r . r e s e t . y ’ )
s e l f . x . c l e a r ( ) −> c l e a r sample bu f f e r s
s e l f . y . c l e a r ( )

ENDPROC
70

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC param2id ( s t r : PTR TO CHAR) OF z f i l t e r
DEF id , l en

75 IF strcmp (IDS POLES , s t r ) ; RETURN ID POLES −> the se must be be f o r e⤦
Ç . .

ELSEIF strcmp (IDS ZEROS , s t r ) ; RETURN ID ZEROS
ELSEIF strncmp (IDS POLE , s t r , 4) −> . . the se

−> poleXr , poleXf
id , l en := Val ( s t r + 4)

80 IF ( l en > 0) AND (0 < id ) AND ( id <= s e l f . p )
IF strcmp ( ’ r ’ , s t r + 4 + len ) ; RETURN ⤦

Ç ID MULTI POLE R + id
ELSEIF strcmp ( ’ f ’ , s t r + 4 + len ) ; RETURN ⤦

Ç ID MULTI POLE F + id
ENDIF

ENDIF
85 ELSEIF strncmp (IDS ZERO , st r , 4)

−> zeroXr , zeroXf
id , l en := Val ( s t r + 4)
IF ( l en > 0) AND (0 < id ) AND ( id <= s e l f . z )

IF strcmp ( ’ r ’ , s t r + 4 + len ) ; RETURN ⤦
Ç ID MULTI ZERO R + id

90 ELSEIF strcmp ( ’ f ’ , s t r + 4 + len ) ; RETURN ⤦
Ç ID MULTI ZERO F + id

ENDIF
ENDIF

ENDIF
ENDPROC SUPER s e l f . param2id ( s t r )

95

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC id2param ( id ) OF z f i l t e r
IF (ID MULTI ZERO R < id ) AND ( id <= (ID MULTI ZERO R + s e l f . z ) )

100 RETURN Str ingF ( St r ing (8 ) , ’ ze ro \dr ’ , id − ID MULTI ZERO R)
ELSEIF (ID MULTI ZERO F < id ) AND ( id <= (ID MULTI ZERO F + s e l f . z ) )

RETURN Str ingF ( St r ing (8 ) , ’ ze ro \df ’ , id − ID MULTI ZERO F)
ELSEIF (ID MULTI POLE R < id ) AND ( id <= (ID MULTI POLE R + s e l f . p ) )

RETURN Str ingF ( St r ing (8 ) , ’ po l e \dr ’ , id − ID MULTI POLE R)
105 ELSEIF (ID MULTI POLE F < id ) AND ( id <= (ID MULTI POLE F + s e l f . p ) )

RETURN Str ingF ( St r ing (8 ) , ’ po l e \df ’ , id − ID MULTI POLE F)
ENDIF
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ENDPROC SUPER s e l f . id2param ( id )

110 /∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC paramtype ( id ) OF z f i l t e r
IF ( ( ID MULTI ZERO R < id ) AND ( id <= (ID MULTI ZERO R + s e l f . z ) ) ) OR

( ( ID MULTI ZERO F < id ) AND ( id <= (ID MULTI ZERO F + s e l f . z ) ) ) OR
115 ( ( ID MULTI POLE R < id ) AND ( id <= (ID MULTI POLE R + s e l f . p ) ) ) OR

( ( ID MULTI POLE F < id ) AND ( id <= (ID MULTI POLE F + s e l f . p ) ) ) OR
( id = ID POLES) OR ( id = ID ZEROS)

RETURN TYPENUMBER
ENDIF

120 ENDPROC SUPER s e l f . paramtype ( id )

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC se t ( id , data ) OF z f i l t e r
125 IF (ID MULTI ZERO R < id ) AND ( id <= (ID MULTI ZERO R + s e l f . z ) )

s e l f . z r [ id − 1 − ID MULTI ZERO R ] := data
s e l f . s e t r e c a l c ( )

ELSEIF (ID MULTI ZERO F < id ) AND ( id <= (ID MULTI ZERO F + s e l f . z ) )
s e l f . z f [ id − 1 − ID MULTI ZERO F ] := data

130 s e l f . s e t r e c a l c ( )
ELSEIF (ID MULTI POLE R < id ) AND ( id <= (ID MULTI POLE R + s e l f . p ) )

s e l f . pr [ id − 1 − ID MULTI POLE R ] := data
s e l f . s e t r e c a l c ( )

ELSEIF (ID MULTI POLE F < id ) AND ( id <= (ID MULTI POLE F + s e l f . p ) )
135 s e l f . p f [ id − 1 − ID MULTI POLE F ] := data

s e l f . s e t r e c a l c ( )
ELSEIF id = ID POLES

s e l f . p := ! data !
s e l f . s e t r e c a l c ( )

140 ELSEIF id = ID ZEROS
s e l f . z := ! data !
s e l f . s e t r e c a l c ( )

ELSE
SUPER s e l f . s e t ( id , data )

145 ENDIF
ENDPROC

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

150 PROC get ( id ) OF z f i l t e r
IF (ID MULTI ZERO R < id ) AND ( id <= (ID MULTI ZERO R + s e l f . z ) )

RETURN s e l f . z r [ id − 1 − ID MULTI ZERO R ]
ELSEIF (ID MULTI ZERO F < id ) AND ( id <= (ID MULTI ZERO F + s e l f . z ) )

RETURN s e l f . z f [ id − 1 − ID MULTI ZERO F ]
155 ELSEIF (ID MULTI POLE R < id ) AND ( id <= (ID MULTI POLE R + s e l f . p ) )

RETURN s e l f . pr [ id − 1 − ID MULTI POLE R ]
ELSEIF (ID MULTI POLE F < id ) AND ( id <= (ID MULTI POLE F + s e l f . p ) )

RETURN s e l f . p f [ id − 1 − ID MULTI POLE F ]
ELSEIF id = ID POLES

160 RETURN s e l f . p !
ELSEIF id = ID ZEROS

RETURN s e l f . z !
ENDIF

ENDPROC SUPER s e l f . get ( id )
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165

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

PROC proce s s ( ) OF z f i l t e r
DEF out , i

170 SUPER s e l f . p roce s s ( )
−> move to next in bu f f e r
s e l f . x . next ( )
s e l f . y . next ( )
s e l f . x . wr i t e ( s e l f . main ( ) )

175 −> c a l c u l a t e
out := 0 .0
IF s e l f . z

FOR i := 0 TO s e l f . z
out := ! out + ( ! s e l f . rx [ i ] ∗ s e l f . x . r e ad r e l ( i − s e l f . z⤦

Ç ! ) )
180 ENDFOR

ENDIF
IF s e l f . p

FOR i := 1 TO s e l f . p
out := ! out − ( ! s e l f . ry [ i ] ∗ s e l f . y . r e ad r e l ( i − s e l f . p⤦

Ç ! ) )
185 ENDFOR

out := ! out / s e l f . ry [ 0 ]
ENDIF
−> output
s e l f . y . wr i t e ( out )

190 s e l f . output (ID MAIN , out )
ENDPROC

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

195 PROC r e c a l c ( ) OF z f i l t e r
DEF i , l i n k : PTR TO l ink , t
SUPER s e l f . r e c a l c ( )
l i n k := s e l f . ge t input (ID MAIN)
t := ! PI2 / l i n k . r a t e

200 FOR i := 0 TO s e l f . p − 1 −> s o r t out po l e s
s e l f . px [ i ] := ! s e l f . pr [ i ] ∗ Fcos ( ! s e l f . p f [ i ] ∗ t )
s e l f . py [ i ] := ! s e l f . pr [ i ] ∗ Fsin ( ! s e l f . p f [ i ] ∗ t )

ENDFOR
FOR i := 0 TO s e l f . z − 1 −> s o r t out z e r o s

205 s e l f . zx [ i ] := ! s e l f . z r [ i ] ∗ Fcos ( ! s e l f . z f [ i ] ∗ t )
s e l f . zy [ i ] := ! s e l f . z r [ i ] ∗ Fsin ( ! s e l f . z f [ i ] ∗ t )

ENDFOR
−> make r e cu r s i on formulae
IF s e l f . p THEN make r ( s e l f . p , s e l f . px , s e l f . py , s e l f . ry )

210 IF s e l f . z THEN make r ( s e l f . z , s e l f . zx , s e l f . zy , s e l f . rx )
−> s e t de lays
s e l f . x . s e t l e ng th ( s e l f . z ! )
s e l f . y . s e t l e ng th ( s e l f . p ! )

215 −> debugging code (dumps a l l r e l e van t s t a t e i n f o )
#i f d e f DEBUG

PrintF (DEBUG’ z f i l t e r . r e c a l c z e r o s = \d\n ’ , s e l f . z )
PrintF (DEBUG’\ t i \ t z r \ t z f \ tzx \ tzy \n ’ )
FOR i := 0 TO s e l f . z − 1 DO PrintF (DEBUG’\ t \d\ t \ s \ t \ s \ t \ s \ t \ s \n ’ , i ,
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220 r e a l f ( s e l f . z r [ i ] ) , r e a l f ( s e l f . z f [ i ] ) ,
r e a l f ( s e l f . zx [ i ] ) , r e a l f ( s e l f . zy [ i ] ) )

PrintF (DEBUG’ z f i l t e r . r e c a l c po l e s = \d\n ’ , s e l f . p )
PrintF (DEBUG’\ t i \ tpr \ tp f \ tpx\ tpy\n ’ )
FOR i := 0 TO s e l f . p − 1 DO PrintF (DEBUG’\ t \d\ t \ s \ t \ s \ t \ s \ t \ s \n ’ , i ,

225 r e a l f ( s e l f . pr [ i ] ) , r e a l f ( s e l f . p f [ i ] ) ,
r e a l f ( s e l f . px [ i ] ) , r e a l f ( s e l f . py [ i ] ) )

PrintF (DEBUG’ z f i l t e r . r e c a l c r e cu r s e \n ’ )
PrintF (DEBUG’\ t i \ t rx \ t ry \n ’ )
FOR i := 0 TO IF s e l f . z > s e l f . p THEN s e l f . z ELSE s e l f . p

230 PrintF (DEBUG’\ t \d\ t \ s \ t \ s \n ’ , i ,
IF i <= s e l f . z THEN r e a l f ( s e l f . rx [ i ] ) ELSE ’ − ’ ,
IF i <= s e l f . p THEN r e a l f ( s e l f . ry [ i ] ) ELSE ’ − ’ )

ENDFOR
#end i f

235 ENDPROC

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−∗/

−> Mult ip ly out a s e t o f l i n e a r f a c t o r s , assuming r e s u l t i s r e a l polynomial
240 −> Polynomial i s d [ 0 ] zˆn + d [ 1 ] z ˆ(n−1) + . . . + d [ n ]

−> This func t i on i s a candidate f o r assembly language opt imisat ion , as the
−> number o f l oops i s high (O( f a c t o r s ∗ 2 ˆ f a c t o r s ) ) and only s imple
−> maths i s done ( no l a r g e func t i on c a l l s )
−> fx , fy are l ength f a c t o r s , d i s l ength f a c t o r s + 1

245 PROC make r ( f a c t o r s , fx : PTR TO LONG, fy : PTR TO LONG, d : PTR TO LONG)
DEF i : REG, j : REG, k : REG, l : REG, m : REG, −> put i n t s in ⤦

Ç r e g i s t e r s
x , y , xx , yy , a , b

a s s e r t ( f a c t o r s , ’ z f i l t e r . make r . f a c t o r s ’ )
a s s e r t ( fx , ’ z f i l t e r . make r . fx ’ )

250 a s s e r t ( fy , ’ z f i l t e r . make r . fy ’ )
a s s e r t (d , ’ z f i l t e r . make r . d ’ )

FOR i := 0 TO f a c t o r s DO d [ i ] := 0 .0 −> c l e a r
FOR i := 0 TO Shl (1 , f a c t o r s ) − 1 −> a l l permutat ions ( l a r g e )

k := i −> copy o f i to modify
255 m := 0 −> number o f numbers ⤦

Ç mul t i p l i e d
x := 1 .0 −> mult ip ly => s t a r t at 1
y := 0 .0
FOR j := 0 TO f a c t o r s − 1

−> ex t r a c t b i t s in order
260 l , k := Mod(k , 2) −> l = mult ip ly by a number (1 ) or z ⤦

Ç (0 )
−> k := k / 2 −> t runcated i n t e g e r d i v i s i o n in Mod
m := m + l
IF l = 1

a := ! − fx [ j ] −> mult ip ly (x , y ) by ( fx , fy )⤦
Ç [ j ]

265 b := ! − fy [ j ]
xx := ! ( ! a ∗ x ) − ( ! b ∗ y )
yy := ! ( ! a ∗ y ) + ( ! b ∗ x )
x := xx
y := yy

270 −> ELSE −> mult ip ly by ”z”
ENDIF

ENDFOR
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d [m] := ! d [m] + x −> add to polynomial c o e f f i c i e n t
ENDFOR

275 ENDPROC

/∗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−+
| END: z f i l t e r . e |
+==========================================================================∗/
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