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<− object box
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0  

(b)
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sinusoidal oscillator

multiplier

output

*~ 

amplitude (on/off)

<− number (GUI) box
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osc~ 440

dac~

<−− 440 Hz. sine wave at full blast

<−− reduce amplitude to 0.05*~ 0.05

<−−−−− send to the audio output device

MAKING A SINE WAVE

Audio computation can be turned on and off by sending
messages to the global "pd" object as follows:

;
pd dsp 1

;
pd dsp 0

ON OFF

You should see the Pd window change to reflect whether
audio is on or off. You can also turn audio on and off
using the "audio" menu, but the buttons are provided as a
shortcut.

When DSP is on, you should hear a tone whose pitch is A 440
and whose amplitude is 0.05. If instead you are greeted
with silence, you might want to read the HTML documentation
on setting up audio.

In general when you start a work session with Pd, you will
want to choose "test audio and MIDI" from the help window,
which opens a more comprehensive test patch than this one.

Audio computation in Pd is done using "tilde objects" such
as the three below. They use continuous audio streams to
intercommunicate, as well as communicating with other
("control") Pd objects using messages.

<−− click these
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osc~ 440

dac~

*~ 0

0  

dbtorms

0  

(a)

osc~ 440

dac~

*~ 

line~ <−−− ramp generator

0.1 2000

0 2000

0.1 50

0 50

0.1

0  

<−− slow on

<−− fast on

<−− instant on

<−− slow off

<−− fast off

<−− instant off

<−− multiplier: this time

taking a signal in

on both sides.

(b)

osc~ 440

osc~ 550

osc~ 660

+~ 

+~ 

(c)

output~

0dB

mute
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 p$p

adc~ 1

hip~ 5

*~ 

r cutoff

r phase

bang

delay 5

<−− play the sample

;
cutoff 0 5

cut the

sound off

Wait for the

cutoff to finish

set the upper line~ to start

at the first sample and play

forever (or until next trigger)

<−− record

line~
*~ 

del 3990

0 10

(OUT)

vline~

vline~

tabwrite~ tab28

tabread4~ tab28

;
phase 1, 4.41e+08 1e+07;
cutoff 1 

0, 1 5

start new playback
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 p�o

sequence

*~ 

envelope

sample

wrap~

*~ 100

+~ 1

phasor~

−~ 0.5

cos~

*~ 

*~ 128

+~ 129

+~ 1

*~ 9

phasor~ 0.6

main loop: sawtooth of amplitude 9

read frequency sequence

9x original frequency sawtooth

multiply by raised−cosine smoothing function

(out)

tabread~ sequence

tabread4~ envelope

tabread4~ sample

multiply by audio−frequency sawtooth

envelope sample

adjust for reading

and center for wavetable

adjust amplitude

r �4^3;K=<7O`.241�f !�AT\89�\K93GU?$^���:lgh\iH<j.7�: �4ku7�= ��:lH�giG47T:<7�ti;.7�\Kv
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mtof

stripnote

select

float

t b f

float

f − store pitch below

velocity stored here

off

recall pitch

notein

line~

$1 100 0 1000

b − bang to recall velocity

sel 0

 on

*~ 

phasor~

−~ 0.5

cos~

*~ +~ 1

cos~

pitch

test for note on or off

test against latest

note−on pitch

filter
note−on

*~ 

/ 127

envelope generator now controls

amplitude as well as grain size

*~ 2

+~ 0.5

This replaces the tabread4~

in the previous patch.
(OUT)

pit vel

r �4^3;.=>7O`.241�m !|Ae5����T����:�H�ghG47NCM?$\.?3EKj.?3\ �_vN:lgh\iH<jK7�: �Uk�7u=�2

�����%$ � � � ��� �	� ! ! �'� � ! �(�"!��'�
! ����� #
{B9�Hbvbj W�1�y.2 CF?3\.?$E.j.?3\ �4v32 :<gh\$H>j�2 E�J �~�%^3;.=>7�`.241�m �O9�G_:<? �UCFE.G47uCF7u\iHb:}98CF?$\.?3E.jK?3\ �_v �
\.?�H>7 � ?3= �U7�\iH<7�J':<gh\iH<j.7�: �4ku7�=��$Z.;LH �U\'H>j �_:Yv�93:<7T?3= �47u\iH<7�JMH<?���9�=bJM5����T��vu?3\iH<=>?3G4G_9�Z �4G��UH�g32
�D7�=<7[H<j.7}H>9$:l�L:D?3@�7u\h�$7uG4?3E�7V^37�\.7u=b9�H �U?$\�9�\KJc:l7�t$;K7u\Kv �U\.^�E �IHbvbj.7�: �_:Tj%9�\KJLG47�J ;K: �U\.^
v
?$\$H>=<?$GK:lH<=>7�9�C': �4\K:lH<7�93JF?�@�93;KJ �4?V: �4^3\K93G4:�2B]h7u�$7u=b9�GL\.7���v
?3\iH>=<?$GL?3ZL��7�v H>:Y9�=>7)\.7u7�JL7�J
@+?3=�H>j �4:D7
�.9�CFE.G4732

\.?3H<7 �4\ !�5����T�X\K?�H<7 �U\.EK;LH�2X¦�j.=>7u7T?3;LH>GU7uH>:XEK=<7�:l7�\$H�H<j.7�E �IHbvbj �i�37uG4?Lv �UH�g �h9�\KJ'vbj%9�\��
\.7uG$?�@ �4\Kv
?$C �4\.^T5����T��\.?3H<7 � ?3\O93\KJN\.?�H>7 � ?�&M7u�37�\iH>: ��� �IH>jV\.?�H>7 � ?�&[7��37�\$Hb:�9�EKE%7�9�= �U\.^
93:N�$7uG4?hv �IH�g � ku7�=<?�\.?�H>7 � ?3\ 7��37�\$Hb:u2 � ¦�j.7'?3;LH>GU7uH>:O93E.E%7�9�= �4\ {YJ # :Ov
;K:lH<?$CF93=<g8= �4^3jiH �
H<? � G47
@~HD?$=>JL7�=�2

:lH<= �UE.\K?�H<7 !c�KGUH<7�=�?3;.H�\.?3H<7 � ?�& CF7�:>:<93^37�:�2�¦�j �4:�EK93:>:<7�: ��E �UH>vbj �)�$7uG4?hv �IH�g �FE%9 �4=>:
H<j.=>?3;K^3j��)j.7�\.7u�$7u=TH<j.7M�37�GU?Lv �UH�g �4:P\.?$\.ku7�=<? ��JL=>?3EKE �U\K^'H<j.7M?�H>j.7u=b:�2PaT\.G��4�37}\.?�H>7 �4\ �
:�H>= �4E.\.?3H<7OJL?h7�:�\K?�H �4\.E.;LHD?$=)?3;LH>E.;LHT93v
H<;K93G�58�����YCF7�:>:>9�^37�:u2
H<= �4^3^37�= � H !�v
?$Eig}9�CF7�:<:>9�^$7�H>?O?3;LH>GU7uH>: �4\M= �4^3jiH|H<?OG47
@~HX?3=bJL7�=���� �UH<jMH�ghE%7Dvu?3\h�37�= �



� � ��� � �+����� � � � 
 zK1
: �U?$\�2|¦�j.7�vu=<7�9�H �4?3\'93=<^$;.CF7u\iH>: � 	 Z 
[9�\KJ 	 @ 
 �U\�H<j �_:�7u�.9�CFE.G47 �B:<E%7�v �U@+gMH��Y?V?$;LH<G47
Hb: �
?$\.7Y^ �U� �4\.^ � � ���NCM7�:<:>9�^$7�:���H<j.7�?�H>j.7u= �
� � � � � � 2 732 ��\h;.C[Z�7u=b: �
2B©�\K7Y?$;LH<G47
H �4:Bvu=<7�9�H>7�J
@+?$=D7�9$vbj�v
=>7�9�H �U?$\89�=>^3;.CF7u\iH�2D©TH>j.7u=TH�ghE%7�:�93=<7 	 G 
M@+?$= ��� 
 � � 	 :�
M@+?3= 
��	����� � �.93\KJ	 9 
[H<?'?3;.H<E.;LHP9�\hgiH<j �4\.^ � � 2 732 �%9Fv
?$Eig�?�@�H<j.7 �4\.E.;.HTCF7�:>:<93^37 �L�)j%9�H<7��37�= �IH �_: � 2Y¦�jK7
�4\Kv
?$C �U\.^�CM7�:<:>9�^$7 �_:�vu?3\h�37�=lH>7�J ��9$:D@�9 �IH>jL@+;.G4GUg�9$:DE�?$:>: �4Z.G47 � �U\iH>?��)jK9�H>7u�$7u=D@+?$=<C'9�H
�_:F:lE�7�v �I�K7�J Zig¨H>j.78v
=>7�9�H �4?3\ 93=<^$;.CF7u\iH�2 ADGUH<j.?$;.^3j H<jK7�?$;LH<EK;LH>:'93E.E%7�9�= �4\ {YJ # :
:lH>93\KJ.9�=bJ�= �4^3jiH � H>?�� GU7u@~H�?$=>J.7u= �.\.?'H �UCF7[7�G493EK:<7�:)Z�7
H��/7u7�\�7�93vbj8?3@�H>j.7[?$;LH<E.;.H>:��KH>j.7ug
93=<7NJL7
H>7u=>C �U\ �_:lH �_vu9�G4G4g�?3=bJL7u=>7�J�9�\%J�g$7
H �4\K:�Hb9�\iH>93\.7u?$;K:�2¦�j.7/EK9�Hbvbj # :�vu?3\iH<=>?3Gi?3Z.��7�v Hb:�@+7�7�J[@+=<7�ti;.7u\Kv �U7�:�H>?TH>j.7�E.jK9$:l?$= +�?3ZL��7�v H|�)j.7u\.7��37�=
9N\.?3H<7 � ?$\MCF7�:<:>9�^$7 �_:B=>7�vu7 �4�37�J�2BWY?$\$H>=<?$GUG �4\.^PH<j.7T93CFE.G��UH<;%JL7 �+� �_9PH<j.7TG��4\.7 +�?3ZL��7�v H��
�_:|CF?3=>7/J � ;�v
;.GUH�2|§ j.7�\'9�\K?�H<7 � ?$\}CF7�:<:>9�^$7 �_:|=<7�v
7 �U�$7�J���H>j.7 	 :<7uG.y 
T?$ZL��7�v
HX?3;LH>E.;LH>:
H>j.7'�37�GU?Lv �UH�gc9�HV= �4^3jiH �+Z�7�v�9�;K:<7FH<jK7 �U\KE.;LHV@�9 �UG47�JcH<?8C'9�H>vbj0y � ��H>j �_: �_:VJ �4� �_JL7�JcZhg
H>j.7VC'9�� �4C[;.C 58�����)�37�GU?Lv �UH�g�?3@D1�QipM9�\KJ�EK9$vb�37�J �U\iH<?�9'CF7�:>:<93^37N@+?3=�G��4\.7 + � �IH>j
9}H �4CF7O?�@/1�y3yMC':<7�v�2

�D?��/7u�$7u= ���)j.7u\F9P\.?�H>7 � ?�& �_:B=>7�v
7 �U�$7�J�� �UH �_:|?3\.G4g[9�EKE.=<?$E.= �49�H<7YH<?O:�H>?3E}H<j.7D:<?3;K\KJ
�U@XH<jK7M\K?�H<7 � ? & E �IHbvbj 9$v H<;%9�G4GUg�C'9�Hbvbj.7�:�H<jK7ME �IHbvbj�H<jK7 �4\K:lH<=>;.CF7u\iH �4:PE.G_9�g �U\.^%2Vr.?$=
7u�L93CFE.GU7 �3:<;.E.E�?$:<7YH>j.7DCF7�:>:>9�^37�:�=<7�v
7 �4�37�J}93=<7 	 m$yM1�Q$p 
 � 	 p�Q[1�Q$p 
 � 	 m3yNy 
 �39�\KJ 	 p3Q
y 
.2F§ j.7u\¨H>j.7'\.?3H<7 � ?3\¨9�HVE �IHbvbj p3Q�9�=>= �4�37�:TH>j.7'E �UH>vbj0:<j.?3;.G_J¨vbjK9�\K^37MH<?cp3Q�� 93\KJ
H>j.7u\�H<j.7 	 m$y}y 
VCF7�:>:>9�^37P:ljK?3;.G_J�Z�7 �U^$\.?3=>7�J��h� �UH<j�H<j.7N\.?3H<7PE.G_9�g �4\.^M;.\iH �4G�H<j.7 	 p3Q
y 
[CF7�:>:>9�^37$2

¦�? 93v�v
?3CFE.G �_:lj�H>j �4:��)�K=b:lH��/7 :�H>?3=>7�H<j.7c�37�GU?Lv �UH�g �U\ H>j.7 ;KE.E%7�= �%?$9�H�?3ZL��7�v H�2]h7�v
?$\KJ��3�)jK7u\FH<jK7DE �UH>vbj�9�=>= �U�$7�:�� �IH�H<?h? �_:�:lH<?3=>7�J �+H<j.7DG4?��/7u= �K?i9�H�?$ZL��7�v
H �B93\KJ}H<j.7�\
H>j.7T�$7uG4?hv �IH�g �_:XH>7�:lH<7�J�9�^i9 �4\K:lH�ku7�=<? �+H<j.7�� � � �M?3;.H<G47
H�?�@ 	 H/Z�@ 
[=<7�vu9�G4G_:BH<jK7��$7uG4?hv �IH�g
�)j �_vbj �4:�:l7�\$HBH>? 	 :<7uG.y 
 � 2�� @�H<j �_: �_:Bku7�=<? ��H<jK7T:l7�v
?$\KJ}:lH<7�E �4:BH<?O=>7�vu93GUGhH>j.7DE �UH>vbj'93\KJ
H>7�:lH �IH �+H<j.7D:<7uG47�v
HX?3ZL��7�v H��B9�^i9 �4\K:�H�H<jK7DCF?$:lHX=<7�v
7u\iH>GUgV=>7�vu7 �4�37�J[\.?3H<7 � ?$\ME �IHbvbj�2B©�\KGUg
�U@ H>j.7�:<7V9�=>7�7�ti;K9�G � :l?MH<j%9�H�� � ����93E.E%7�9�=b:�9�H�H<j.7OG47
@~H � j%9�\KJ���: �4JL7N?$;LH<G47
H)?�@ 
 ��� � ��� �
JL?h7�:/H<j.7OCF7�:>:>9�^37����������M^3?MH<?MH>j.7����$�����O?3Z.��7�v H�2



� � % 
 45!�� !
1$2�§ jK9�HN@+=>7�ti;.7u\%v
g8�/?3;.G_J8g3?$; j.7�9�= �I@/g3?$;c:<gi\iH>j.7�: �Uk�7�J�9�: �U\.7M��9��37}9�HNz$z3y$y3y

�Dk32X9�HT9F:<93CMEKGU7N=b9�H<7N?3@�d$dK1�y$y �
Q.2��T=b9���9�Z.GU?Lvb�¨J �_9�^3=b9�C�:ljK?�� �U\.^8jK?�� H>?�;K:<7�H<jK=<7�:lj.?$G4J �U\.^�H>? JL7uH<7�v
H}�)j.7�\?3\.7D93;KJ �4?V: �4^3\K93G.7
�.vu7u7�JK:X9�\.?3H<j.7�=B?3\.7 �4\'��9�G4;.732 � � ?3;'C �U^$jiHX�/93\$HBH>?VJL?OH>j �4:

H<?�JL7uH<7�v
HT9�\KJ��KGUH<7�=D?3;LH�@+7�7�JLZK9$vb�'@+=>?3C :<E�7�9��$7u=b:XH>?'C �4vu=<?$E.j.?3\K7�:�2 �
`K2)aT: �U\.^�H<j.7[H<7�vbj.\ �_t$;K7�:D?3@�:l7�v H �U?$\�`.2qp �%J.=>9��e9'Z.G4?Lvb��J �493^3=b9�C @+?$=T^$7u\.7�=>9�H �4\.^

H��Y?FE.jK9$:l7 � G4?Lvb�37�J�: �U\h;K:<? �_J.:�9�H�f3y3yM9�\KJ8p�y$yM�Tk32
d%2)¦��Y?O:>9���H<?h?�H>j[��9��37�:���?�@�;.\ �UH�9�CFE.G �IH>;KJL7 �$jK9��37Y@+=>7�ti;.7u\%v �47�:XQ�y$y�93\KJM`3y3yP�Dk$2 �

=<7�:lE�7�v
H �4�37uG4g32�§ jK9�H �_:�H<jK7VE%7�= �4?LJ �_v �UH�g�?�@�H<jK7[:l;KCª?�@�H<jK7OH��Y? �8§ jK9�H �I@Bg$?3;
H<j.7�\0�)=>93E.E%7�JcH<j.7�:<;.C�ZK93vb�8H>?�H<j.7�=>93\.^37M@+=>?3C y�H>?01 � �T?h7�:VH<j �_:O=>7�:<;.GUHvbjK9�\.^$7OJL7uE�7u\KJ �U\.^'?$\�H>j.7O=>7uG_9�H �4�37PE.jK9$:l7N?3@�H>j.7NH��Y? �



z$Q ������� ��� � � � � � � � �-� � � ����� ��� ��� ����� � � ��� ��� ��� 




� �������	��
 �


 �s��� � � ������� � � � ��� � � �

� � � � � � � �����

� H �4:}?�@~H>7u\ J.7�: �U=b9�Z.G47'H>? vu?3\iH<=>?3GYC[;K: �4v�9�GY?3ZL��7�v H>:}?3=M7u�$7u\iH>: �U\ 9�^$^3=>7u^$9�H<7�:N=>9�H<j.7�=H>jK9�\ �4\KJ �4� �4JL;%9�G4GUg$2|¦�j �4:YC �U^$j$H�H>9��$7)H<jK7D@+?3=>C
?�@�9V:<7u= �U7�:X?3@�7u�37�\iH>:X:<EK93vu7�J �4\'H �4CF7 �
�4\��)j �_vbj�H<j.7OJL7uH>9 �4G_:Y?3@ H>j.7N7u�37�\iH>:�@+?3G4GU?�� @+=>?3C
H>j.7NG493=<^$7u=�9�=bv �+@+?3= �4\K:�Hb9�\Kvu7 �h\.?3H<7�:
�4\89FCM7�GU?LJLg �
2)©�=)H>j.7 �4\KJ �4� �4JL;%9�G_:)C �U^$j$H�?hv�v
;.=�: �4C[;.GUH>93\.7u?$;K:<GUg �.:l;Kvbj�9$:��3? �4vu7�: �4\
9Nvbj.?$=>J��3?3=BEK93=lH �493G4: �4\'9O:lE�7�v
H<=>;.C�2���\FZ�?�H<j'v�93:<7�:�H<jK7DE.=>?3E�7u=<H �47�:|?�@%H<j.7 �U\KJ �U� �_JL;K9�G
C �4^3jiH)Z%7 �4\L@+7u=>=>7�J�@+=<?$C H<jK?$:<7P?3@ H>j.7O�)j.?3G4732

A�= �4vbj�v
?$GUG47�v
H �4?3\�?�@�H<?h?3G_:)9�\KJ �_JL7�9$:�jK93:)93= �_:<7u\ �4\�H<j.7[7uG47�v H>=<?$\ �_vTC};K: �_vN=>7uE�7u= �
H>?3=>g�@+?3=MJL7�:>v
= �4Z �U\K^ �U\%J �U� �_JL;K93G�Z�7ujK9�� �4?3=b:N@+=<?$C�93^3^$=<7�^$9�H>7F?3\.7�:u2���\0H>j �4:MvbjK93ELH<7�=
�/7Tv
?��$7u=|H��/?V^37�\.7u=b9�G%v
G_93:>:l7�:B?�@�:<;KvbjFH<?h?3G_:"!�7�\i�$7uG4?3E�7D^37�\.7u=b9�H>?3=b:B9�\KJF�$? �_v
7)ZK93\.�L:u2
¦�j.7P7u\h�$7uG4?3E�7�^$7u\.7�=>9�H<?3=/9�;LH>?3C'9�H>7�:/Z�7ujK9�� �4?3=/?��37u=YH �4CF7 �K93\KJ'H>j.7N�3? �4vu7TZK93\.��?��37�=
93^3^3=>7u^i9�H>7�:X?3@|: �4C[;.GUH>93\.7u?$;K:/E.=<?Lvu7�:>:l7�:���:<;Kvbj�9$:): �4^3\%9�G ^37�\.7u=b9�H>?3=b:u2 �

� �5� 
-0 � ��2�( 0 ��� ��0&� %'��6�(�%'!
AT\FC<,��#C<"3'G@&CO��C>,BC>H5 �� '�H � :l?$CF7
H �4CF7�:���93\KJPCF?3=>7���;K:�H>GUg ��vu9�G4G47�JN9c� HG #,^)+�(C<,&�D� C<,.C<H5 �� '�H �
C'9��$7�:�93\V9�;KJ �U?T: �4^3\K93G�H<jK9�H�:<CM?h?3H<j.G4g�= �_:l7�: 9�\%JP@�9�G4G4:�93: �U@hH<?Pv
?3\iH>=<?$G�H<j.7�GU?$;KJL\.7�:<: ?�@
9PC[;%: �_vu93Gi\K?�H<7D9$: �IHB= �4:<7�:B93\KJ[@�9�G4G4:�2 � �X\h�37�GU?$E%7�^$7u\.7�=>9�H<?3=b:��Y7�=<7Y�K=b:�H �4\$H>=<?LJL;%v
7�J �4\
:<7�v
H �4?3\ 1$2 f.2 �}ADCFE.G �UH<;KJL7Vvu?3\iH<=>?3G�Zhg�C[;KGIH �UE.G �_vu9�H �U?$\ �+�K^3;K=<7M132 d �_:YH<j.7NCF?$:lHDJ �4=<7�v H��
?$=>J �4\K93=<gF��9�g'H<?F;K:<7V9�\�7u\h�37�GU?$E%7N^$7u\.7�=>9�H<?3= �iZ.;LH)H<jK7u=>7V9�=>7�C'9�\hg�?3H<j.7�=);K:<7�:�2

�X\h�$7uG4?3E�7X^37�\.7u=b9�H>?3=b:�jK9��37�vu?3CF7 �4\VC'9�\hg�@+?3=>C': ?��$7u= H>j.7�g$7�9�=b:���Z.;.H�H>j.7Y: �UCFE.G47�:
93\KJ H<j.7cE%7�=<7�\.\ �_9�GT@�9��3?3= �UH<7 �_:�H>j.7�� ������7u\h�$7uG4?3E�7�^37�\.7u=b9�H>?3=�2 	 A��N]� 
 �_:�93\
9$v
=>?3\hghC @+?3= 	 A/H<H>9$vb� ����7�v�9�g �L]h;K:lH>9 �4\ �� )7�GU7�93:<7�
 �$H<jK7T@+?$;.=/:<7u^$CF7u\iH>:�?�@�H>j.7PA �P]  
^$7u\.7�=>9�H<?3= # :�?3;LH>E.;LH�2|¦�j.7/A��N]� ^$7u\.7�=>9�H<?3= �4:�v
?$\$H>=<?$GUG47�JPZhgO9Dv
?$\iH<=>?3G$:lH<=>7�93C v�9�G4GU7�J
9 	 H>= �4^3^$7u= 
.2�¦�= �U^$^37u= �4\.^OH<jK7NA �P]  ^$7u\.7�=>9�H<?3= 	 ?$\ 
[:<7
Hb:/?�& �UH>:�9�H<H>93vb� �LJL7�vu9�g �L93\KJ
:<;K:lH>9 �4\ :<7u^3CF7�\$Hb:u28¦�= �4^3^$7u= �U\K^ �UH 	 ?�& 
�:l7uH>:[?�& H>j.7�=>7uG47�9$:l7�:<7u^$CF7u\iH�28r �U^$;.=>7�dK241
:<j.?��D:/j.?���H>j �_:Dvu93\�93E.E%7�9�= �4\�Z.GU?Lvb��J �493^3=b9�C':u2

r �U^$;.=>7OdK2RQF:lj.?��D:T:l?$CM7[E%?i:<: �UZKGU7O?$;LH<E.;.H>:D?3@X9�\�A��N]� e^$7u\.7�=>9�H<?$=�2X��\8E%9�=<H ��9 �
�/7O93:>:l;.CF7NH>jK9�HDH>j.7 	 ?$\ 
F9�\KJ 	 ?�& 
MH<= �U^$^37u=b:�9�=>7N�Y7�GUG�7�\.?3;K^3j8:l7�EK9�=b9�H>7�J�H<jK9�HDH<jK7

z$`



z�d ������� ��� � � � � � ����� � ��� ��� � � � � � � ��� � � ���"
�� � �	���
trigger

r �U^$;.=<7'd%2U1 ![A��N]� �7�\h�37uG4?3E�7'93:V9�Z.GU?Lvb� J �493^3=b9�C � :<j.?�� �4\.^�H<j.7�H<= �U^$^37u= �4\.E.;.H ��9
v
?$\$H>=<?$G :�H>=<7�9�C �/9�\KJ�H<jK7V9�;KJ �4?F?3;LH>E.;LH�2

:l;%:�Hb9 �4\¨:<7u^$CF7u\iH �4:O=>7�9$vbj.7�JcZ�7
@+?3=>7FH<jK7 	 ?�& 
�H<= �U^$^37�= �4:O=>7�vu7 �4�37�J 2�¦�j.7u=>7�9�=>7M�K�37
EK9�=b9�CF7uH<7u=b:Pv
?3\iH>=<?$GUG �U\K^�H<jK7�A��N]� w^37u\K7u=b9�H<?$=�2}r �4=b:�H � 9="1C �#C>"/EK93=>93CM7uH<7�=P:<7
Hb:PH<j.7
?3;LH>E.;LH���93GU;K7�9�H�H<j.7Y7u\KJN?3@LH<j.7/9�HlHb93vb�P:l7�^3CF7u\iH ��\.?3=>C'9�G4GUg�H<j.7Yj �4^3j.7�:�H ��93GU;.7Y?3;LH>E.;LHZhgDH<jK7YA��N]� ¨^$7u\.7�=>9�H<?3=�2 �O]h7�vu?3\KJ���9�\; �� �! -Z+�NEK93=>93CF7
H<7�= ^ �4�37�:�H<j.7XH �4CM7YJL;.=b9�H �4?3\N?3@
H<j.7P9�H<H>93vb�F:<7u^3CF7�\$H �i93\KJFH>j �U=bJ��L9*� CGZX �[}^ �U�$7�:BH>j.7�J.;.=>9�H �4?3\�?3@ H<j.7PJL7�v�9�gM:<7u^$CF7u\iH�2
r.?$;.=lH>j �h9 )+%U)X�! #��,�EK93=>93CM7uH<7�=X^ �4�37�:BH<jK7TG47u�37�GK?3@ H<j.7P:l;K:lH>9 �U\�:<7u^$CF7u\iH��h93:Y9N@+=>9$v H �U?$\
?�@�H<j.7OG47u�$7uG EK93=>93CF7
H<7�=�2Br �4\K9�G4GUg �LH<jK7;H5C<"3CX _)<CVE%9�=b9�CF7
H>7u=�^ �4�37�:/H<j.7VJL;K=>9�H �4?3\�?�@�H<j.7
=<7�GU7�93:<7':l7�^3CF7u\iH�2�¦�j.7�:l7F�K�$7���9�G4;.7�:���H<?3^$7
H>j.7u=V� �UH<j¨H>j.7'H �UC �4\.^�?�@�H>j.7 	 ?$\ 
�9�\KJ	 ? & 
TH<= �U^$^37�=>:���@+;.G4GUg[J.7
H<7�=<C �4\.7�:BH<j.7�?3;.H<E.;LHX?3@KH>j.7DA��N]� ^37�\.7u=b9�H>?3=�2 r.?$=B7
�.9�CFE.G47 �
H<j.7OJL;K=>9�H �4?3\�?3@ H<jK7P:<;K:lH>9 �4\�E�?3=<H �4?3\ �4:/7�t$;%9�G�H<?}H<j.7PH �UCF7NZ%7uH��Y7�7u\ 	 ?3\ 
[9�\%J 	 ? & 

H<= �U^$^37�=>:��hC �4\h;K:/H<jK7VJL;.=b9�H �4?3\%:�?�@�H<j.7O9�H<H>9$vb��9�\KJ�JL7�vu9�g�:<7u^$CM7�\iH>:�2

{B9�=<H>: ��Z �D93\KJ ��v ��?�@Xr �U^$;.=>7VdK2RQF:ljK?�� H>j.7V=>7�:<;.GIH�?�@|@+?3G4GU?�� �4\.^�93\ 	 ?3\ 
MH<= �U^$^37u=
ti; �4vb�hG4g�Zhgc93\ 	 ?�& 
�?3\.7 ! �+Z �OJ.;.= �4\.^�H<jK7'=<7�GU7�93:<7F:<7u^$CF7u\iH���9�\KJ ��v �P7u�$7u\¨7�93=<G �U7�=��
JL;.= �U\K^[H>j.7O9�HlHb93vb��2B¦�j.7OA��N]� ^37u\K7u=b9�H<?$=Y=>7�9$v Hb:XH>?}H>j.7�:<7N: �UH<;K9�H �4?3\K:�Zhg�v�9�\Kvu7uG �U\.^
�)jK9�H>7u�$7u=D=>7uC'9 �4\K:�?3@�H>j.7[9�HlH>9$vb��93\KJ8JL7�v�9�g�:<7u^$CM7�\iH>:D93\KJ8v
?$\$H �U\h; �4\.^�:lH<=b9 �4^3jiH�H<?
H<j.7[=<7�GU7�93:<7N:<7u^$CF7u\iH�2�ATG4:<? ��9�\8A��N]� �^$7u\.7�=>9�H<?3=)C'9�g�Z�7V=>7
H>= �4^3^$7u=>7�J 	 ?3\ 
FZ�7
@+?$=<7H<j.7 =>7uG47�93:<7c:<7u^$CF7u\iH �_:��K\ �_:lj.7�J�?$=�7��37u\ JL;.= �U\K^ H<jK7¨9�HlHb93vb� �TJL7�vu9�g �T?3=8:l;%:�Hb9 �4\
:l7�^3CF7u\iHb:u2O{B9�=<H � J ��?�@XH>j.7}�K^3;.=>7}:<j.?��D:P9�=>7�9�HlHb93vb��JL;.= �U\.^�H<jK7M:<;K:lH>9 �4\c:<7u^$CF7u\iH��
9�\KJ�EK93=lH �+7 ����JL;.= �U\.^MH>j.7VJL7�v�9�g�:l7�^3CF7u\iH�2

¦�j.7�v
G_93:>: �_vM;K:<7'?�@/93\0A��N]� 
7u\h�37�GU?$E%7 �_:O�)j.7u\¨;K: �4\.^89��3?3GUH>93^37 � vu?3\iH<=>?3G��37ug �
Z%?i9�=bJ�?$=�9F:<7�ti;.7�\Kv
7�=YH>?}C'93�37NC[;K: �_vu9�G�\.?3H<7�:�?3\�9F:<gh\$H>j.7�: �4ku7u=�2��T7�E.=<7�:<: �4\.^M9M�$7ug
�~@+?$=M7u�.9�CFE.G47 �[�Y?$;.G4J ^37�\.7u=b9�H>7�93\ 	 ?$\ 
8H>= �4^3^$7u=F9�\KJ =<7�GU7�93: �U\K^ �UH��Y93\ 	 ?�& 
8H>= �4^��
^37�=�2|¦�j.7�A �P]  ^37�\.7u=b9�H>?3=�vu?3;.G_JMH<j.7�\�vu?3\iH<=>?3GLH>j.7�93CFE.G��UH<;%JL7T?3@ :lgh\iH<j.7�: �_:�:<?OH>jK9�H	 \.?3H<7�: 
)�/?3;KG4JV:lH>93=lH�9�\KJV:lH<?$EV� �UH<jVH>j.7��$7ugL:�2 ��\[9$J.J �UH �4?3\OH>?�9�CFE.G �UH<;KJL7 ��H<jK7YA��N]� 
^37�\.7u=b9�H>?3=�v�9�\ � 9�\KJ�?�@~H<7�\ �_: ��C'93JL7TH<?Fv
?$\$H>=<?$G.H>j.7TH �UC}Z.=>7�?3@ H<j.7P\.?�H>7�:��h�)j �4vbj�vu93\
H<j.7�\�Z%7OC'93J.7�H>?'7u�$?3G4�37P\K9�H>;.=>93GUG4g�?��$7u=YH<j.7Vvu?3;.=b:l7N?3@�7�9$vbj�\K?�H<7$2



� � �	� �	� � � � ���	� 
��	� � � � ������
 zif

time

(a)

attack

decay

sustain
release

(b)

(c)

(d)

(e)

r �4^3;.=>7Td%2 Q !�A �P]� 7u\h�37�GU?$E%7�?3;LH>E.;LH ! ��9 �X� �IH>j 	 ?3\ 
[9�\KJ 	 ?�& 
NH>= �4^3^$7u=b:�:<7uEK93=>9�H<7�J �
��Z ��� � v��/� �UH<j�7�93=<G4g 	 ?�& 
VH>= �4^3^$7u= � � J ��� �+7 �/=<7 � 9�HlH>9$vb�37�J 2



z3m ������� ��� � � � � � ����� � ��� ��� � � � � � � ��� � � ���"
�� � �	���
� � * �
4�0&� �"% ��0&8 , #&% � � 8 ,/.103254 6'#&83� 1 �&� 0 � !

]h;.E.E�?$:<7Ng3?$;�� �_:lj�H<?F@�9$JL7O9F: �4^3\K93G �U\�?��37�=)9}E�7u= �4?hJ�?�@�H<7�\�:<7�vu?3\KJK: 
�H<jK9�H �4:��Lg3?$;
� �4:<jcH<?8C[;KGIH �UE.G4g �UHVZhg 9�\¨9�CFE.G �UH<;KJL7 � vu?3\iH<=>?3G4G �U\.^�: �U^$\K9�G = � 6 
Y�)j �4vbj = �4:<7�:P@+=>?3C�y
H<?81 �4\8��9�G4;.7O?��37�=P1�y-g :>9�CFE.G47�:��.�)j.7�=<7 g �4:)H<j.7[:>9�CFE.G47O=b9�H<7$2�¦�j.7OCF?$:lHT?$Zi� �4?3;K:vbj.? �_v
7}�Y?$;.G_J8Z%7'9�G��4\.7�93=�=b9�CFE !�= � 6 
$K 6����l1�y-g��
2 
/;LHPH<j �_:N� �4GUG|\.?3H�H>;.=<\c?3;LH�H<?
g �U7�G4Jc9�:<CM?h?3H<j �4\Kvu=<7�93:<7 �4\ E�7u=bv
7 �4�37�J8G4?3;KJL\K7�:>:u2}©��$7u=DH>j.7}�K=>:lHO:l7�v
?3\%J = � 6 
|= �4:<7�:
@+=<?$C 7���J 

H<? ��Q�y J 
 ��?��$7u=}H<j.7�\.7u�hHM@+?$;.=FZhg 9�\.?3H<j.7�=�1�d J 
 �X93\KJ ?��$7u=}H<j.7
=<7�C'9 �4\ �U\K^O�K�37 �$?$\.G4g}ZhgMH<j.7�=<7�C'9 �4\ �U\K^[m[J 
P2.©��37�=XCF?$:lHY?�@ H>j.7DH>7u\�:<7�vu?3\KJFE�7u= �4?hJ
H<j.7O= �_:l7 �4\�93CFE.G��UH<;%JL7O� �UG4G�Z�7OZK9�=>7uG4g'E�7u=bv
7uE.H �4Z.GU7$2

AD\.?3H<j.7�=�E�?$:>: �4Z �4G��UH�g}�/?3;KG4JFZ�7DH>?V=>93CFE = � 6 
%7u�hE�?3\K7u\iH �_9�G4GUg �i:<?NH<j%9�H �UH�= �4:<7�:Y9�HY9
v
?$\K:�Hb9�\iHB=>9�H<7 �4\'J 
P2 � ?3;F�/?3;.G_J}jK9��37/H<?V�.�[H>j.7 �U\ �IH �493G%9�CFE.G �UH<;KJL7�H>?OZ%7 �U\K93;KJ �4Z.G47 �
:<9�g�y�J 
 � �U@/�/7M�.� ;.\ �IH�g 9�H'1�y$y�J 
 �
2 �D?����Y7FjK9��$7[H>j.7'?3E.E�?$: �UH<7FE.=>?3Z.G47uC !P@+?3=
H<j.7T�K=b:�HY�K�37P:l7�v
?3\%J.:BH>j.7P93CFE.G��UH<;%JL7Pvu?3\iH<=>?3G%� �UG4G�= �_:l7D@+=<?$C
y}J 
 � �4\K9�;%J �UZKGU7 �BH>?Mf�y
J 
 ��E �493\ �_:<: �UCF? � �iH<j �_:)9�CF?$;.\iH�?3@ = �4:<7P:<j.?$;.G4J�jK9��$7T?3\KGUgFHb9��37�\�;.E�H<jK7��%=>:lHD:l7�v
?3\%J
?3=D:<?K2

¦�j.7}\%9�H<;K=>93G�E.=>?3^$=<7�:<: �4?3\8:ljK?3;.G_J�E�7u=>jK9�E%:TjK9��$7VZ�7u7u\ !�y � E.E.E � E.E � E�� CFE�� C}@ � @ � &
�
&%@ �$:l?TH<jK9�H�7�93vbj �4\Kv
=>7�9$:l7Y?�@.?3\K7YJLgh\K93C �_vYCF93=<� �4\.^D�/?3;.G_JNHb9��37Y=<?$;.^3jKGUgN?3\K7Y:<7�v
?$\KJ��
9�\KJ��/?3;.G_J�vu?3=>=<7�:lE�?3\%J'H<?'?$\.7 
3:lH<7�E 
 �U\�G4?3;KJL\K7�:>:u2

§c7F9�E.E�7�93=TH>?�\.7�7�Jc:l?$CM7M:<v�9�G47 �4\ Z�7
H��/7u7�\�GU?$^$93= �UH<j.C �_v[93\KJ8G �U\.7�9�=�2PAw:<?3CF7 �
�)jK9�HD93=<Z �UH<=b9�=>g�vbj.? �4vu7 �LZ.;LHD;%:l7u@+;.G �4\�EK=>9$v H �_v
7 � �4:/H>j.7Vti;K9�=<H �_vNv
;.=>�37 !

= � 6 
BK ! 6> ( � 2
�)j.7u=>7 > �_:PH<j.7F\h;.C}Z%7�=O?�@/:>9�CFE.G47�:�H>?�@�9$JL7 �U\¨?��$7u= � �4\ H>j.7'7
�.9�CFE.G47F9�Z�?��37 � �UH"# :
1�y g �
2�]h? ��?��37�=�H<j.7):<7�v
?$\KJ �+?�@%H<j.7�H>7u\ ���/7��Y?$;.G_JV= �4:<7/H<? � z$y�J 
 ��9�@~H<7�=|�K�37):<7�v
?$\KJ.:
H<?���Q�d'J 
 �.9�\KJ�9�@~H<7u=)\ �U\.7 �K9�Z�?3;.H�� dFJ 
P2

r �4^3;K=<7NdK2 `F:ljK?��D:/H<j.=>7u7O9�CFE.G �UH<;KJL7NH>=>93\K:l@+7u=�@+;.\Kv
H �4?3\K:"!
� � � 4 �WK 4 �+G �4\.7�93= � 2

� # � 4 � Ke1�y # ��� � � 
 ��J 
�H<?'G �U\.7�9�=�� 2
� � � 4 � K 4 � � ti;K9�=<H �_v�� 0

¦�j.7�:<7�v
?$\KJ @+;.\Kv H �U?$\ v
?3\h�$7u=<H>:M@+=>?3C J 
 H<?0G �U\K7�9�= �Y93=<=b9�\K^37�J :l? H>jK9�H'H>j.7 �U\KE.;LH
=>93\.^37 ��@+=<?$C�yDH<?}1 ��v
?$=<=>7�:<E�?3\KJ.:�H<?�d$yTJ 
�2 ��¦�j �4: �4\.E.;LH|=>93\.^37�?�@KdiyTJ 
¨v
?$=<=>7�:<E�?3\KJ.:
H<?�9'=<7�93:<?3\K93Z.G47VJLgh\K9�C �_vO=>93\.^37 �%93GUG4?�� �U\K^�f'J 
 @+?3=�7�9$vbj8?�@�z�:lH<7�EK: �4\ JLgh\K93C �4v32 �
¦�j.7 ti;K93=lH �4v8vu;.=<�$7 �UC �UH>9�H<7�:�H<j.7 7
�LE%?$\.7u\iH �493G ��J 
 ��v
;.=>�37�@�9 �U=>GUg �Y7�GUGT@+?3=�j �U^$j.7u=
9�CFE.G �IH>;KJL7�: �hZ.;LHDJL=>?3E%:�? &�CF?$=<7�=>93E �4J.GUgM@+?3=):<C'9�G4G�93CFE.G��UH<;%JL7�:��h=<7�93vbj �4\.^OH>=<;.7Pku7�=<?
9�H)= �U^$j$H ���)j.7u=>7�9$:/H<j.7O7u�hE�?3\K7u\iH �_9�G�vu;.=<�$7N?3\.G4g�^3?h7�:/J.?��)\�H>?81 �h1�y3yK2 �

§c7 v�9�\ H<j �U\.� ?�@PH<jK7�H<j.=>7u7�vu;.=<�$7�:'9$:�:ljK?�� �U\.^ H>=>93\K:�@+7�=F@+;.\Kv
H �4?3\K:���@+=<?$C«93\
9�ZK:lH<=b93v
H�vu?3\iH<=>?3G �+=b9�\K^ �4\.^[@+=>?3C yVH>?�1 ��H<?F9}G �4\.7�93=�93CFE.G��UH<;%JL732XAD@~H<7u=)�/7Ovbj.?h?$:<7P9
:l; �IHb9�Z.G47)H<=b9�\%:�@+7�=B@+;.\Kv
H �4?3\ � �i�Y7Dv�9�\�v
?$CFE.;LH<7�9Ov
?3=>=>7�:<E%?$\KJ �4\.^O9�CFE.G �IH>;KJL7�vu?3\iH<=>?3G: �4^3\%9�G � �U@��/7)� �4:<j}H<?O=b9�CFEF?��37u='> :>9�CFE.G47�:�@+=>?3C : �UG47u\%v
7�H<?O;K\ �IH�g}^$9 �U\ ��H<j.7Tvu?3\iH<=>?3G
: �4^3\%9�G �/?3;.G_J�Z�7 ! = � 6 
BK � �(6��7> � 0



� � � �?� ��� � � � � � � � ��� ��� � � � � � � � � � � 
 ����� � 
 zhp

linear

decibels
quartic

units−−>

amplitude

|  
|  
|  
|  ^  

0  

1  

0  1  
...

r �4^3;.=>7DdK2 ` !�¦�j.=>7u7T93CMEKG��UH<;KJ.7DH<=b9�\%:�@+7�=X@+;.\Kv
H �4?3\K:�2B¦�j.7TjK?3= �Uk�?3\iH>93GK9�� �_: �4: �4\�G��4\.7�9�= �
G4?3^i9�= �IH>j.C �4v �i?$=�@+?3;.=<H<j � =>?h?�H�;.\ �UH>:DJL7�E%7�\KJ �4\.^'?3\�H<jK7Vv
;.=>�37$2



z3z ������� ��� � � � � � ����� � ��� ��� � � � � � � ��� � � ���"
�� � �	���

OUT

FREQUENCY

X  

f()−1 

1  

r �U^$;.=>7Pd%2 d
!BaT: �U\.^�9}H>=>93\K:�@+7�=/@+;.\Kv H �U?$\�H<?'9�GUH<7�=�H<j.7V:<jK93E%7N?�@B9�CFE.G �UH<;KJL7Vvu;.=>�37�:�2

A ZKGU?Lvb�'J �_9�^3=b9�C�@+?3=YH<j �4: �_:Y:<j.?��)\ �4\�r �4^3;.=>7Td%2 d%2��T7u=>7T�/7P93=<7 �4\iH<=>?LJL;Kv �4\.^M9V\.7��
H�ghE%7'?3@�ZKGU?Lvb�8H>?�=<7�E.=>7�:<7u\iHNH<j.7�93E.E.G �4v�9�H �4?3\¨?3@�9 �SH5 #,&) V>C>HAVX%D,BZ>�S�('#,%2�r.?$=V\.?��w�Y7
�Y?$\ # HD�Y?$=<=>g�9�Z�?3;.H �IHb: �4CMEKGU7�CM7�\iH>9�H �U?$\ �%J.7uE�7u\KJ �4\.^�?$\�H<j.7O@+;K\Kv H �U?$\�JL7�: �U=>7�J �LH<j �_:
C �U^$j$H)Z�7OZ%7�:�HTJ.?3\.7V93= �UH<j.CF7uH �_vu9�G4G4g�?3=�;K: �U\K^FH>9�ZKGU7NG4?i?$�h;.E�2

� ��� , ( 0 6�4�0 #&(+#&! ��0&8 8 45! 
 ( 0 6�4�0 #&(+#&! 
 (40 6�%'(+2 
 �&��0 3���!
]hgh\iH<j.7�: �_:[93GU^$?3= �IH>j.C':O��9�=>g � �_JL7uG4g �4\0H>j.7 �4=}93Z �UG �UH�g H>? JL7�93G�� �UH<j J �_:>v
?3\iH �U\h;.?$;K:lG4g
vbjK9�\K^ �4\.^cvu?3\iH<=>?3G_:u2 aD\iH �4G)\.?�� �4\ H<j �_:'vbjK9�E.H<7u=F�/7�j%9��37�93:>:l;.CF7�J0H<j%9�H�v
?$\$H>=<?$G4:
C[;K:lH[vbjK93\.^37'v
?$\iH �4\i;K?3;K:<GUg ��93\KJcH<j.7�A �P]� 
7�\h�37uG4?3E�7'^37�\.7u=b9�H>?3=PH<;K=<\K:V?3;LHOH>?8Z%7
�4J.7�9�G4G4g¨:<; �UH<7�J¨H<? v
?3\iH>=<?$GUG �U\K^ :l;%vbj 9�EK93=>93CF7
H<7�=�2 � HMC'9�g 7u�37�\ jK93E.E%7�\0H<j%9�HMH<j.7
C'9�� �UC};.C�9�CFE.G �IH>;KJL7�?�@ 9V\K?�H<7 �4:�GU7�:<:�H<j%9�\'H>j.7Pvu;.=>=<7�\$HY��93GU;K7T?�@�H>j.7P93CFE.G��UH<;%JL7T?3@
�IHb:DE.=>7�J.7�v
7�:<:<?3=���;K: �4\.^'H>j.7V:>9�CF7O^37�\.7u=b9�H>?3=��Y93\KJ�H<j.7}A��N]� e7u\h�$7uG4?3E�7P� �4G4G�: �UCFE.G4g=>93CFE�JL?��)\ � �4\K:lH<7�93J�?�@�;.E �YH<?FH>j.7O\.7�� ��9�G4;.7P@+?3=D93\�9�HlHb93vb��2

¦�j �4: �4:<\ # H�\.7�vu7�:>:<93= �4G4g JL7�: �U=b9�ZKGU7 �Yj.?��/7u�$7u= � �4\ : �UH<;K9�H �4?3\K:��)j.7u=>789�\�7u\h�37�GU?$E%7
^37�\.7u=b9�H>?3= �_: �4\ vbjK93=<^$7O?�@X:l?$CF7[93:<E%7�v HP?�@|H �4C[Z.=>7 ! �UH�C'9�g�Z%7[H<jK9�H��/7[JL?3\ # HP�/93\$H
�~@+?$=)7
�.9�CFE.G47 �XH<j.7V:<jK93=<E.\K7�:>:�?3@�9}\.?�H>7�H>?'JL7�vu=<7�93:<7�JL;.= �4\.^MH<j.7O9�H<H>9$vb�FH<?'9[C �4G4J.7u=
?3\.7 � Z.;LHN=>9�H<j.7�=PH<?}��;.CFE H>?�9�C[;KvbjcGU?��/7u=P��9�G4;.7M:<?�93:P9�G4�/9�gL:)H>?�Z�7'9�Z.G47}H<?�= �_:l7
JL;.= �U\K^}H>j.7V9�H<H>9$vb��2

¦�j �4:�: �IH>;K9�H �U?$\[9�G_:l?�vu9�\V93= �_:<7X� �IH>j[E �UH>vbj[7u\h�37�GU?$E%7�: ! �UH�C'9�gPZ%7�JL7�: �4=>93Z.GU7|H>?�:<G��_JL7
E �UH>vbjF@+=>?3Cw?3\.7D\K?�H<7DH<?OH>j.7T\.7u�hH��i?3= �UHYC'9�g[Z�7�J.7�: �U=b9�Z.G47�H<j%9�H�H>j.7DE �UH>vbj�H<=b9���7�v
H<?$=<g
?�@�7�93vbj�\.?3H<7V:lH>9�=<HD9�\.7�� 9�H)9FE�? �4\iH �U\KJ.7uE�7u\KJL7�\iHT?�@�H<j.7OE.=>7u� �4?3;K:):<?3;K\KJ 2

¦��Y?8: �IH>;K9�H �U?$\K:V9�= �_:l7M�)j.7u\¨�/7F� �4:<j H<?�C'9��37'J �_:>v
?3\iH �U\h;.?$;K:OvbjK9�\K^37�:�H>?�:lgh\��
H<j.7�: �_:�E%9�=b9�CF7
H>7u=b: !�7 �IH>j.7u=��/7�vu9�\�: �4CMEKGUg�C'9��$7�H<j.7�C�� �UH<jK?3;LH�J �4:<=<;KELH �4?3\ �+@+?3=
�U\%:�Hb9�\Kvu7 ��C'9�� �4\.^�9�J �_:>v
?3\iH �U\h;.?$;K:NvbjK9�\.^$7 �4\ E �IHbvbj � ��?3=N7uG_:<7M�/7Fvu9�\ # H � :l;%vbjc93:O9
vbjK9�\K^37 �4\¨9���9��37uH>93Z.GU7 �U\%JL7
� ���)j �4vbj C'9��$7�:N9�J �4:>v
?$\$H �U\h;.?$;K:NvbjK9�\K^37 �4\cH<j.7'?$;LH �
E.;LH�� 2[¦�j.7�=<7F9�=>7[7��37�\ EK93=>93CM7uH<7�=>:DH<jK9�HNv�9�\ # HJ@&'_)X)+�(E<"/[�Z�7MvbjK93\.^37�J�v
?$\iH �4\i;K?3;K:<GUg �



� � � � ����� ����� � � � 
 � � � � � 
 ����������� � � ��
 ����� ��� ��� �������+
�� 
 z$o

time

(a)

(b)

r �4^3;.=>7�dK2Rf�! ¦�j.7)C};LH �4\.^NH>7�vbj.\ �_ti;.7�@+?3=Bj �4J �4\.^VJ �_:>v
?3\iH �U\h;.?$;K:BvbjK9�\K^37�:���@+?3=B7u�.9�CFE.G47
?3@�9�\�9�CFE.G �IH>;KJL7N7u\h�$7uG4?3E�732|��\�E%9�=<H � 9 �YH<jK7P7�\h�37uG4?3E�7 �+;.E.E�7u=)^$=>93E.j � �4:):<7
HDJ �_:>v
?3\ �
H �U\h;.?$;K:lG4g�H<?�k�7u=>?K2T¦�jK7[C[;.H �4\.^�: �U^$\K9�G �+G4?��Y7�=D^3=b9�EKj ��=b9�CFEK:TJ.?��)\ �U\c93JL��9�\%v
7OH>?E.=>7uE%9�=>7}@+?$=VH>j.7�vbjK93\.^37 ��93\KJ H<j.7�\ �_:V=>7�:lH<?3=>7�J � J �4:>v
?$\iH �4\i;K?3;K:<GUg �PH>? �UH>:VEK=<7�� �4?3;%:
��9�G4;.7$2'��\ ��Z ����H<jK7'7u\h�37�GU?$E%7FvbjK9�\K^37�:OJ �4:>v
?$\$H �U\h;.?$;K:<GUg8Z�7
H��/7u7�\cH��/?�\.?3\Kku7u=>?���93G'�
;.7�:��YH<jK7�C};LH �4\.^¨: �4^3\K93GYC};K:lHMZ�?�H>j =b9�CFE JL?��)\ Z%7u@+?3=>7ujK93\KJ 9�\%J =b9�CFE ZK9$vb�¨;.E
9�@~H<7u=>��9�=bJ 2

@+?$=D7
�.9�CFE.G47 ��9':l7�GU7�v H �U?$\�9�CF?3\.^�9'vu?3G4GU7�v H �U?$\8?�@|�/9��$7
H>93Z.G47�:�2���\8^37�\.7u=b9�G �.�/7[vu93\ # H
:<7
H�H<j.7}E.jK93:<7[?3@�9�\�?i:<v �UG4G_9�H<?$=D?3=TH<j.7F9�CFE.G �UH<;KJL7M?�@�9�: �4^3\K93G�J �4:>v
?$\$H �U\h;.?$;K:<GUg �KZ.;LH
�/7FCF9�g vbjK9�\K^37FE.jK9$:l7 �4\Kv
=>7uCF7�\$Hb: ��:<;Kvbj 93:NE �IHbvbj.7�: �O9�G4CF?$:lHV9�=>Z �IH>=>93= �4G4g8� �IH>j.?3;LH
ZK9$J�=>7�:<;.GUH>:�2

��\ H<j.?i:l78vu9$:l7�:M�)j.7u=>789cE%9�=b9�CF7
H>7u='vbjK9�\K^37�vu9�\ # H'Z�7�C'9$JL78v
?3\iH �U\h;.?$;K:lG4g¨@+?3=
?$\.7O=<7�93:<?3\�?3=T93\.?�H>j.7u= �.H>j.7u=>7V9�=>7V9�H�GU7�93:lHDH��Y?�:lH<=b9�H>7u^ �U7�:/@+?3=TC'93� �4\.^FH>j.7[vbjK93\.^37 !
?a%D� ��,U��93\KJ	)79 ���!ZG] ;9 #,B��;!H5 �?A@�2
� � ����� � �(!&��� �
¦�j.7 ?R%D�S��,���H>7�vbj.\ �_ti;.7 �_:TH<?�93E.E.G4g�93\�7u\h�$7uG4?3E�7OH<?'H>j.7M?3;LH>E.;LHP93CFE.G��UH<;%JL7 ���)j �_vbj
�_:[ti; �_vb�hGUg¨=b9�CFE%7�J H<?cku7u=>?�Z�7
@+?$=<7'H>j.7�EK9�=b9�CF7
H>7u=[vbj%9�\.^$7�9�\KJ H>j.7u\ =<7�:�H>?3=>7�J¨9�@ �
H>7u=>�/93=>J 2�� HPCF9�g�?3=TCF9�g�\.?3H�Z�7VH<=>;.7OH>jK9�H�H<j.7MJ �_:<vu?3\iH �4\h;.?3;K:TvbjK9�\.^$7�:)� �4G4G�=>7�:<;.GUH
�4\ 90: �4^3\K93GYH>jK9�H�= �_:l7�:':lCF?h?�H>j.GUg @+=<?$C ku7�=<?09�@~H>7u=>�/93=>J�2 ��\ r �U^$;.=>7�d%2 f ��EK9�=<H�9 ���
�/7OH>93�37OH>j.7[7u�.9�CFE.G47[?�@�93\�9�CFE.G �IH>;KJL7M7u\h�37�GU?$E%7 �~H<jK7[?3;.H<E.;LHO: �U^$\K9�G�?�@X9�\ A �P]  
^$7u\.7�=>9�H<?3=����h9�\%J�9$:<:<;.CF7TH>jK9�H)H>j.7OJ �_:<vu?3\iH �4\h;.?3;K:�vbjK93\.^37 �_:/H<?':�Hb9�=<HD9}\K7u� \K?�H<7O9�H
93CMEKG��UH<;KJ.7Oku7u=>?K2



o3y ������� ��� � � � � � ����� � ��� ��� � � � � � � ��� � � ���"
�� � �	���
¦ ?MvbjK9�\.^$7�H<j.7NA��N]� ^$7u\.7�=>9�H<?$="# :B?3;.H<E.;LH�J �_:<vu?3\iH �4\h;.?3;K:<G4g}�/7 H5C>)<C>� �UH�2X¦�j �_: �_:

9�J � &�7�=<7�\iHT?3E�7u=b9�H �U?$\�@+=<?$CªH>= �4^3^$7u= �U\.^ �UH���H<jK7[=>7�:<;.GIH �4:DH<?�C'9��$7 �UH���;.CFE8H>?�9'\.7��
��9�G4;.7 �L9�@~H>7u=/�)j �_vbj��/7TC'9�gF7 �UH<j.7�=�: �4CMEKGUgFG47�9��37 �IH/H<jK7u=>7T?3=YH<= �4^3^37�= �UH�93\.7u�O2|��\�H<j.7
H<?$E0?�@)dK2Rf �+EK93=lHM9 �N�/7�:<j.?�� H>j.7�7 &�7�v H}?3@)=<7�:l7uHlH �4\.^�93\KJ¨=<7uH<= �U^$^37�= �4\.^�9�\ A��N]� 
^37�\.7u=b9�H>?3=�2


Y7�GU?�� H<j.7�A��N]� �^37�\.7u=b9�H>?3=|?3;LH>E.;LHX�/7D:l7�7�H<j.7)C};LH �4\.^V: �U^$\K9�G ���)j �_vbjF=>93CFEK:�H<?
ku7�=<?FH>?�E.=>7uEK93=<7P@+?3=TH<j.7}J �4:>v
?$\iH �4\i; �IH�g$2�¦�jK7[9�CF?3;K\$H�?�@|H �4CF7V�Y7}9�G4GU?�� @+?3=DC};LH �4\.^
:ljK?3;.G_J Z�7':lC'93GUG � :l?�93:PH>?�J �_:<=<;.E.HPH>j.7'E.=>7u� �4?3;K:N:<?3;.\KJc93:NG �IH<H<G47'93:NE�?$:>: �4Z.G47 ��Z.;LH
\.?�HF:l?c:lC'9�G4G�93:OH>?cv�9�;K:<7�9�;%J �UZKGU7�9�=<H �U@�93v Hb: �4\0H<jK7�?$;LH<E.;.H�2cAª�Y?$=<� �4\.^�7u�L93CFE.GU7
?�@BH>j �4:DH�ghE%7}?�@XC[;.H �4\.^���93:D93GU=>7�9$JLg�:lj.?��)\ �4\ :<7�v H �U?$\ `.241�yK2 ` �.H>j.7u=>7V�/7[9�G4GU?��/7�J�f
C':l7�vT@+?$=)=>93CFE �U\K^FJ.?��)\�2

r �4^3;K=<7Xd%2 f ��EK9�=<H Z ��:lj.?��D: H<j.7�: �UH<;K9�H �4?3\ �4\O�)j �4vbjO�/7X:<;.E.E�?$:<7BH<j.7YJ �4:>v
?$\iH �4\i;K?3;K:
vbjK9�\K^37 �4:NZ�7
H��/7u7�\ H��Y?�\.?$\.ku7�=<?���9�G4;.7�:�2��D7�=<7FH>j.7'C[;.H �4\.^�: �4^3\%9�GBC[;%:�HV\.?3HV?3\.G4g
=>93CFE�JL?��)\�93:�Z%7u@+?3=>7 � �4\�93J.��93\Kv
7T?�@ H<jK7�J �_:<vu?3\iH �4\h; �UH�g��BZ.;LHYC};K:lH/9�G_:<?O=>93CME'Z%93vb�;.E 9�@~H<7�=<��9�=bJ 2 ¦�j.7�=b9�CFE���JL?��)\ H �4CM7�\.7�7�J \K?�H}7�ti;K9�GYH<j.7�=b9�CFE�� ;.E¨H �4CF7 �YH<j.7�:l7
C[;K:lHDZ�7Vvbj.?$:<7u\ �L9$:)9�G4�/9�gL:��iZhg�G �_:�H>7u\ �4\.^FH<?MH>j.7O?3;LH>E.;LHT:<?3;.\%J 2

��\ ^37�\.7u=b9�G �BC[;.H �4\.^cEK=<7�:l7�\$Hb:VH>j.7�J � ;�vu;.GIH�g¨H>jK9�HFg3?$; C[;%:�H':�Hb9�=<H[H>j.7�C};LH �4\.^?3E�7u=b9�H �U?$\ �U\M93JL��9�\%v
7�?3@.C'9�� �U\K^DH<jK7/JL7�: �4=>7�JVvu?3\iH<=>?3GivbjK9�\.^$732���\}=<7�9�G � H �UCF7�:<7
H<H �4\.^$:��
H<j �_:�?3@~H<7�\O=<7�t$; �U=>7�:�H>jK9�H��Y7 �4\iH<7u\iH �U?$\K9�G4GUgPJL7uG_9�gDH>j.7�vu?3\iH<=>?3G3vbj%9�\.^$732 ¦�j �_: �_: 93\.?�H>j.7u=
=<7�93:<?3\ @+?3=[�37u7�E �4\.^8H<jK7�C[;.H �4\.^8H �4CF7�9$:OGU?���9$:VE�?$:>: �4Z.G4732 ��58?$=<7�?��37�=�� �IH # :}98ZK93J
�4J.7�9FH>?'H<=>g�H>?�C �4\ �UC �4ku7MJL7uG_9�g�Zhg�v
?3\%J �IH �U?$\K9�G4G4g�?$C �UHlH �U\K^�H<jK7V=>93CFE�� J.?��)\�E�7u= �4?hJ
�)j.7u\ �IH �4:<\ # HY\.7�7�JL7�J �L9[v
?$\K:lH>9�\iHYJ.7uG_9�g �_:�C};Kvbj'Z�7
HlH>7u=/H<j%9�\�?$\.7)H<j%9�HY��93= �47�:��$7��37�\
�I@ �UH �4:D:<C'9�G4GU7�=�?3\�9��37u=b9�^$732 �
� ����� 	 � � � !&� ��� ���)'�� #������

¦�j.7 ) 9 ���!ZX] ;9 #,B��;!H5 �?A@�H>7�vbj.\ �4ti;.7�9�G_:l? :l7�7u�L:[H<? =<7�CM?��$7�J �_:<vu?3\iH �4\h; �UH �47�:M=<7�:l;KGIH �U\.^
@+=<?$CnJ �4:>v
?$\$H �U\h;.?$;K:Tvu?3\iH<=>?3G�vbjK9�\.^$7�:��KZ.;.HPJL?h7�:�:l? �U\ 9�J �'&�7u=>7u\iHP�/9�g !�Zhg8:<gi\iH>j.7 �
: �4k �4\.^�93\�?$E.E�?$: �U\.^�J �4:>v
?$\$H �U\h; �UH�g��)j �4vbj8vu93\Kv
7�G4:)H<j.7V?$= �4^ �4\K93G ?3\.7O?$;LH�2�r �U^$;.=<7Od%2 m
:ljK?��D:B9�\'7
�.93CMEKGU7 �4\'�)j �_vbjF9O:<gh\iH<j.7uH �_v)E%7�=>vu;K:>: �4�37D:<?3;.\%J��$93\M7�\h�37uG4?3E�7�JF: �U\h;K:<? �_J��
:�Hb9�=<H>:�9'\.?�H>7 �4\8H<jK7[C �4JKJLGU7}?�@�9'EK=<7�� �4?3;%:D?3\K732T¦�j.7}9�HlHb93vb��?�@BH>j.7}:<?3;.\%J8JL7u= �U�$7�:
\.?�H�@+=<?$CªH>j.7}93CFE.G��UH<;%JL7}7�\h�37uG4?3E�7VZ.;.H�?3\�H<j.7 �U\ �UH �_9�G�E.jK9$:l7[?�@BH<jK7}: �U\h;K:<? �_J���93: �_:?�@~H>7u\89�E.EK=<?$E.= �_9�H>7T@+?$=DE�7u=bv
;K:>: �4�37O:<?3;.\%J.:u2X¦�jK7OGU?��/7u=�^3=b9�EKj �4\�H<j.7O�%^3;.=>7O:lj.?��D:)9
v
?$CME�7u\%:<9�H �4\.^M93;KJ �4?': �4^3\K93G�� �IH>j�93\�?$E.E�?$: �U\.^FJ �_:<vu?3\iH �4\h; �UH�g �L�)j �_vbj�v�9�\�Z%7O9$J.JL7�J
H<?}H<j.7N;.EKE%7�=/?$\.7�H<?M=<7�CM?��$7)H<jK7NJ �4:>v
?$\$H �U\h; �UH�g32B¦�j.7N93J.��93\iH>9�^$7�:Y?�@�H>j �_:�H>7�vbj.\ �4ti;.7
?��37�=BC[;LH �U\.^}9�=>7 ���K=b:lH��$H<jK9�HXH<j.7�=<7)\K7u7�JFZ�7D\.?VJ.7uG_9�g[Z�7
H��/7u7u\FH>j.7TJL7�v �_: �4?3\MH>?VC'9��37
9�\09�H<H>9$vb�c9�\%J H>j.7�:<?3;.\%Jc?3@YH>j.7�9�HlH>9$vb� �|93\KJ¨:l7�v
?$\KJ���H>jK9�HM9�\hgc93=lH �I@�9$v H>:[9�= �4: �U\K^
@+=<?$C�H<j �4:�H>7�vbj.\ �4ti;.7V93=<7PCF?3=>7PG �4�37uG4g'H>?'Z%7Oj �_J.JL7�\�Zig�H<j.7O\.7�� :<?3;K\KJ # :�?3\K:<7
H�2

r �4^3;K=<7�d%2Rp�:<j.?��D:OjK?���H>j.7�:<� �UH>vbj���9�\KJ�� =b9�CFEcH<7�vbjK\ �4ti;.7�vu9�\0Z�7�=>7�93G��4ku7�J �U\ 9
Z.G4?hvb� J �493^3=b9�C�2 ¦�j.7�Z%?�� C'93=<�$7�J � �UH<j 7uG4G �UEK: �_: � 	 242U2 
 �}C'9�g0j.?$G4J 9�\hg :lgh\iH<jK7�: �4:
9�G4^3?$= �UH<j.C ���)j �_vbj �/7}� �_:<j�H<? �4\$H>7u=>=<;KELHNJ �4:>v
?$\$H �U\h;.?$;K:<GUg�:l?�H<j%9�H �IHO=>7�:lH>9�=<H>:T@+=>?3C
ku7�=<? ��93:�H>j.7}7u�.9�CFE.G47}?3@XH<j.7FE.=>7u� �4?3;K:T�K^$;.=<7MJ �_J � 2MA/H�H>j.7':<93CM7[H �4CF7M�/7}H<= �U^$^37u=
�)jK9�H>7u�$7u=Tvu?3\iH<=>?3G vbj%9�\.^$7�:D93=<7V\K7�v
7�:<:>9�=>g ��7
�L7uCFE.G �I�%7�J8Zhg�H<j.7[H<?3EcA��N]� e^37�\.7u=b9 �
H<?$= � �$�/7T9�G_:<?O=<7�:l7uHY9�\KJMH>= �4^3^$7u=�93\.?�H>j.7u=/A��N]� ^$7u\.7�=>9�H<?3= ��C �4J.J.GU7�= �4^3jiH �|H<?}v�9�\Kvu7uG
?3;LH/H<jK7NJ �4:>v
?$\$H �U\h; �UH�g32B¦�j.7OJ �_:>v
?3\iH �U\h; �UH�g �4:/C �4\i;%:�H>j.7NG49$:�H���9�G4;.7N?�@�H>j.7O:lgh\iH<jK7�: �4:
?3;LH>E.;LHB��;K:lHDZ�7
@+?3=>7 �UH �4:�=>7�:<7
H�H<?'k�7u=>?K2



� � � � ����� ����� � � � 
 � � � � � 
 ����������� � � ��
 ����� ��� ��� �������+
�� 
 oK1

time

r �4^3;.=>7cd%2 m ! ¦�j.70:l� �UH>vbj���9�\%J�� =b9�CFE H<7�vbjK\ �4ti;.7 @+?$=�vu9�\%v
7uG �4\.^�?3;LH�J �_:<vu?3\iH �4\h;.?3;%:
vbjK93\.^37�:u2 A J �_:<vu?3\iH �4\h; �IH�g �+;KE.E%7�=�^3=b9�E.j � �4:�CM7�93:<;.=>7�J 9�\%J�vu93\Kv
7�GU7�J ?3;LH�� �IH>j
9 : �4^3\K93GDjK9�� �U\K^0H<j.7c?3E.E�?$: �UH<7 J �_:>v
?3\iH �U\h; �UH�g ��GU?��/7u=�^3=b9�E.j � �)�)j �_vbj�H<j.7�\ JL7�v�9�gL::<CF?i?3H<j.G4g32

snapshot

trigger

...

OUT

+  +  

trigger level
reset/

r �U^$;.=<7Nd%2Rp�!�
/G4?Lvb��J �_9�^3=b9�C
@+?$=�H<j.7V:<� �UH>vbj���9�\KJ�� =b9�CFE�H>7�vbj.\ �4ti;.7$2



o$Q ������� ��� � � � � � ����� � ��� ��� � � � � � � ��� � � ���"
�� � �	���
¦ ? JL?�H>j �4:M�/7�CF7�9$:l;K=<7'H>j.7�G47u�$7uGYH<j.7�A��N]� ª^37u\K7u=b9�H<?$=VC[;%:�HF\.?�� ��;.CFE H>?K2

¦�j �_: �4: �UH>:N?��)\cvu;.=>=<7�\$HNG47u�37�G �+�)j �_vbj CF9�g8\K?�HOZ%7Fk�7u=>? �TC �4\h;K:PH<jK7FJ �4:>v
?$\$H �U\h; �UH�g
�+?$=/7�ti; �U��93GU7�\$H>GUg � @�G4;K:/H<j.7O:<gh\$H>j.7�: �_:�?$;LH<E.;.H"# :�G49$:�H���9�G4;.7 �
2X¦�j.7TH��/?F9�=>7�93JKJL7�J �+Zhg
H<j.7�� ��?$ZL��7�v
HO9�HOZ%?3HlH<?$C�= �U^$jiH ����93\KJcH<j.7�\ 9�:<\K9�E%:lj.?3H �4:PHb9��37�\�2F¦�j.7'vu9�\%v
7uG4G �U\.^
7u\h�37�GU?$E%7�^$7u\.7�=>9�H<?3= � 9�H�= �U^$jiH � �4:�=<7�:l7uH�J �4:>v
?$\iH �4\i;K?3;K:<GUg H<?¨H<j �4:'\K7u� ��9�G4;.7 ��9�\KJ
H<j.7�\0H<= �4^3^37�=<7�J H<?�=b9�CFE Z%93vb�cH<?�k�7u=>?K2 ¦�j.7�� ��?$ZL��7�v
HM9�HMZ%?3HlH>?3C�GU7u@~HM9$J.J.:[H<j.7
:lgh\iH<jK7�: �Uk�7u=�?3;LH>E.;LHDH>?MH<j.7VJ �_:>v
?3\iH �U\h; �UH�g � v�9�\Kvu7uG4G��4\.^F: �4^3\K93G 2

� � � � (+2�� 0 �&(40 �

��\�C};K: �4v �hH<j.7NH>7u=>C�@^'�"/[G@^]&'#, [ �_:�;K:l;%9�G4GUg�;%:l7�J�H>?'CM7�9�\ 	 CF?3=>7DH>jK9�\�?$\.7O:l7�EK9�=b9�H>7
�3? �4vu7�:T: �4\.^ �4\.^�?$=�EKG49�g �4\.^�9�HNJ � &�7u=>7u\iH�E �UH>vbjK7�:P?3\.7[@+=<?$C 9�\.?3H<j.7�=�
K2�§ jK7u\c:<E�7�9�� �
�U\K^�?3@�C[;K: �_vu9�G �4\K:�H>=<;KCM7�\iH>: �+7�GU7�v H<=>?3\ �4v}?3=P?�H>j.7u=>� �4:<7 � ���Y7M;K:<7[H>j.7[H>7u=>C H<?�CF7�9�\
	 C'9 �4\iH>9 �U\ �4\.^8:<7u�37�=>93GBv
?3E �U7�:N?�@):l?$CM7FE.=>?Lv
7�:<: �4\¨EK9�=b9�G4GU7�G 2 
�§c7';%:l;K93GUG4g v�9�G4GX7�9$vbj
v
?$Eig 9 	 �3? �4vu7�
 �U\ �$7u7�E �U\K^ � �UH<j�H>j �_:�9�\%9�G4?3^3g �Y93GIH>j.?3;.^$j H>j.7��$? �_v
7�:F\K7u7�J.\ # H�Z%7
E.G_9�g �4\.^F:l7�EK9�=b9�H>7uG4g�J �_:�H �U\K^3; �_:lj%9�Z.G47O:l?$;.\KJ.:�2

��\FH<j �_:BG_9�\.^$;K9�^$7 �39NE �_9�\K? �4:X9NE�?3G4ghE.j.?$\ �4v �4\K:lH<=>;.CF7u\iH��$� �IH>j�z3z 	 �$? �_v
7�: 
K2 ��9$vbj
�3? �4vu7'?�@�H<j.7�E �_9�\.? �_:V\K?3=>CF93GUG4gcv�9�EK93Z.G47'?�@DE.G_9�g �U\.^87u�.93v H>GUg ?3\K7'E �IHbvbj�2 ¦�j.7�=<7 �_:
\.7u�$7u=N9�ti;.7�:�H �U?$\ ?3@��)j �_vbj �3? �4vu7VH>?�;K:<7}H<?�E.G49�g89�\.?�H>7}?3@Y9�^ �4�37u\ E �IHbvbj � 93\KJ�\.?
ti;.7�:lH �4?3\ �L7 �IH>j.7u= �.?3@�E.G_9�g �U\.^':<7u�$7u=b9�G�\.?�H>7�:): �UC};.GUH>9�\K7u?3;%:lG4g�?�@�H<j.7V:>9�CF7NE �UH>vbj�2

58?$:lH�E�?3G4ghE.j.?$\ �4vc7uG47�v
H<=>?3\ �_vcC[;K: �4v�9�G �U\%:�H>=<;.CF7�\$Hb:�H>9��$7 9 CF?3=>7 �K7u� �UZ.G47¨9�E��
E.=>?$93vbj�H<?��3? �4vu7}C'9�\%9�^37�CF7u\iH�2[5�?$:lHO:<?�@~H���9�=>7}:<gh\iH<j.7�: �_:PE.=<?$^3=b9�C': �+G �U�$7Mv�:l?$;.\KJ �
;K:<7P9MJLgh\K9�C �_vT�$? �_v
7N9�G4GU?Lv�9�H �4?3\�:<vbj.7�CF7 �L:l?}H<j%9�H�� �4\�7 &�7�v H �.9[\K7u���$? �_v
7 �4:�v
=>7�9�H<7�J
@+?3=N7u�$7u=>g�\.?�H>7 �4\�H>j.7':<vu?3=>732N��\ :<gL:�H>7uC':P:l;Kvbj 93:N5�9���?$=O{�J��)j �4vbj 9�=>7[?3= �47u\iH<7�J
H<?���9�=bJ�=<7�9�G � H �UCF7 �U\iH<7�=>9$v H �U�$7V;K:<7 � 9 �#'#�(ZXC;EX �, � �4:N9�G4G4?hv�9�H>7�J �4\c9$JL��9�\Kvu7 ��9�\KJ�H<j.7
�Y?$=<�}H<?[Z%7NJL?3\K7 �+EKG49�g �4\.^V\.?3H<7�:��i?3=��)j%9�H<7��37�= � �_:/J �4:lH<= �4Z.;LH<7�J�93CM?$\.^OH>j.7T�$? �_v
7�: �U\
H<j.7OZ%9�\.��2B¦�j �_: �4:)J �493^3=b9�CFCF7�J �U\8r �U^$;.=>7Pd%2 zK2

��\'H<j �_:X7u�.9�CFE.G47)H<j.7�:l7��37u=b9�GL�$? �_v
7�:B7�9$vbjMEK=<?LJL;Kvu7D?3\K7D?3;LH>E.;LHY: �4^3\K93G �$�)j �4vbj�93=<7
9�G4G�9$J.JL7�J�H<?�CF93�37OH>j.7VH>?�Hb9�G�?3;LH>E.;LHN?�@BH<jK7[�3? �4vu7VZK93\.��2�r.=>7�ti;.7�\iH<G4g �UHN� �UG4G�?Lv�v
;.=
H<jK9�H �4\KJ �4� �_JL;K93GX�3? �4vu7�:N\.7�7�J¨:<7u�37�=>93GX:l7�EK9�=b9�H>7F?3;LH>E.;LH>:���@+?3= �4\K:lH>93\Kv
7 � H>j.7ugcC �4^3jiH
?3;LH>E.;LH}:lH<7�=<7�?�:l?�H>jK9�H}�3? �_v
7�:NC'9�g Z�7�EK9�\K\.7�J �4\KJ �4� �4JL;%9�G4GUg �B?3=VH<j.7�gcC �4^3jiHVjK9��37
�U\%J �U� �_JL;K93G�7 &�7�v
H>:):<7u\KJ.:T:l?MH<j%9�HD7�9$vbj�C'9�g�jK9��$7 �IHb:�?��)\�:<7u\KJ�G47u�$7uG 2

� ��� � ( 4 
 � � 2�2�( 
 ��6'4�(40
� H �4:P@+=>7�ti;.7�\$H>GUgcJL7�: �U=b9�ZKGU7}H<?89�;.H<?3C'9�H<7MH<j.7':<7uG47�v
H �4?3\ ?�@Y�$? �_v
7�:TH>?893:>:l?Lv �_9�H>7}� �UH<j
�U\%J �U� �_JL;K93GW�! _) �#) ��:<;Kvbj 9$:D\.?3H<7�:TH<?�E.G49�g �
2�r.?$=T7u�L93CFE.GU7 ��9�C[;K: �_v �_9�\8E.G_9�g �U\.^�9�HP9
�37�giZ�?$93=>J�vu9�\ # H)E.=b93v
H �_vu9�G4G4gFvbjK?i?i:l7��)j �_vbj��$? �_v
7N:lj.?$;.G_J�^3?M� �UH<j�7�93vbj�\.?�H>7�EKG49�g$7�J 2
¦ ?M9�;LH>?3C'9�H>7T�$? �_v
7�:<7uG47�v
H �4?3\��/7T\K7u7�J�9V�$? �_v
7�93GUG4?Lvu9�H �4?3\�93GU^$?3= �IH>j.C �3H>?[Z�7�;K:<7�J�93:
:ljK?��)\ �4\8r �4^3;K=<7NdK2 o.2

AD=>CM7�J¨� �IH>j 98:<; �IHb9�Z.G47��$? �_v
7�9�G4G4?hv�9�H �U?$\¨93GU^$?3= �IH>j.C ��H>j.7�vu?3\iH<=>?3GX:<?3;.=bv
7'\K7u7�J
\.?�HMv
?3\%v
7u=>\ �IHb:l7�GI@)� �UH<j0H>j.7�JL7uH>9 �UGY?�@)�)j �_vbj �$? �_v
7 �_:OHb9�� �U\K^�vu9�=>7'?�@)�)j �_vbj¨H>9$:l� �
9�G4^3?$= �UH<j.C �_v8\.?3H<7 ^$7u\.7�=>9�H<?$=>:'93\KJ�:<7�ti;.7u\%v
7u=b:'@+=>7�ti;.7�\iH<G4g =>7uG4g ?3\ H>j �4:�2
©�\�H<j.7
?�H>j.7u=NjK93\KJ�� C[;%: �_vu93G��)= �UH �4\.^�@+?$=N7u\K:<7uC}Z.GU7�:�@+=<7�t$;K7u\iH<G4g�:lE�7�v �I�%7�:N7
�LE.G �_v �UH<G4g8�)j �4vbj



� ��� � � � � ��� � �"
 
 o$`

OUT

+  

voice 1

voice 2

voice 3

control

r �4^3;K=<7NdK2 z !BA��$? �_v
7PZK9�\.��@+?3=)E�?3G4ghE.j.?3\ �4vN:<gi\iH>j.7�: �4:�2

�4\K:lH<=>;.CF7u\iHTE.G_9�gL:)�)j �_vbj8\.?�H>7 �%:<?FH<j%9�HTH>j.7V\.?3H<7�:D� �4GUG�v
?3\K\.7�v
HDH<?'7�93vbj8?�H>j.7u=T7u\KJ��
H>?�� 7u\KJ �U\89FJL7�: �4=>93Z.G47P��9�g32

©�\.7V: �UCFE.G47V�$? �_v
7V9�G4G4?hv�9�H �U?$\�93GU^$?3= �IH>j.C �/?3=>�L:)93:D:<j.?��)\ �U\�r �4^3;.=>7OdK241�yK2Y�T7u=>7
�/7Y:<;.E.E�?$:<7�H>jK9�H�H<jK7/�$? �_v
7YZK9�\.�NjK9$:�?3\.G4gPH��Y?P�3? �4vu7�:���93\KJV�/7XH>=<gNH>?P93GUG4?Lvu9�H<7��$? �_v
7�:
@+?$=DH<jK7VH>9$:l�L:�L � � � � � 9�\%J �K2P¦�j �4\.^$:T^3?�:<CF?i?3H<j.G4g�;.\iH �4G Hb93:<� ��vu?3CF7�:�9�G4?3\.^ �KZ.;LH
H>j.7u\8�/7[:<7u7V\.?F@+=>7u7[�3? �_v
7�: �~H>j.7ug893=<7NHb9��37�\�;.E�Zhg��P93\KJ	� � 2)§ 7[vu?3;.G_J�\.?���7uG47�v
H
7 �IH>j.7u=�H>?FJ.=<?$E�Hb93:<� � �K?3=�7uG_:l7PH>?�:�H>7�9�G�H>j.7O�3? �4vu7�?3@�7 �IH>j.7u=)Hb93:<� ��?3= ��2B��\�E.=b93v H �4vu7
H>j.7[Z�7�:lHPvbj.? �4vu7 �_:T;K:<;K93GUG4g�H>?�:lH<7�9�G ?$\.732T��\8H<j �_:�EK9�=<H �_v
;.G_9�=�7
�.9�CFE.G47 ���/7[vbj.?$:<7OH>?
:lH<7�9�G�H<jK7O�3? �_v
7P?�@�H<jK7O?3G_JL7�:lH�H>93:<� ����2

§ 7�vu9�\0:<7u7FH>jK9�H � �U@��/7F�h\.?�� H>j.7'G47u\.^3H<j¨?�@/H<j.7FHb93:<�L: �}93\KJ �F9�HOH<jK7'?3;LHb:l7uH
?3@PHb93:<� � �D�/7�C'9�g Z�7c93Z.G47�H<? CF93�37 9 Z%7uHlH<7�=�vbjK? �_v
7�?3@V�)j �4vbj �$? �_v
78H>? :lH<7�93G 2
��\�H>j �4:�7
�.93CMEKGU7 �UH�C �4^3jiH�jK9��$7�Z%7�7u\ Z�7
H<H<7u=�H<? :�H>7�9�GT@+=<?$C � �D:l?0H>jK9�H � 93\KJ �
�/?3;.G_J�Z�7[E.G_9�g �U\.^�H<?3^$7
H>j.7u=P9�HTH>j.7[7�\KJ�93\KJ�\.?�H ��93GU?$\.732T��\ :l?$CF7[: �UH<;%9�H �4?3\%:DH>j �4:
�4\L@+?3=>C'9�H �U?$\�� �4GUG�Z%7}9���9 �UG_9�ZKGU7N�)j.7�\�H>j.7[vbj.? �4vu7OC[;K:lHDZ�7VC'93JL7 �K9�\KJ �4\8:l?$CF7 �+G �U�$7
�$7ughZ%?i9�=bJ �4\.E.;LH �L@+?3=)7u�.9�CFE.G47 � �UHD� �UG4G \.?�H�2

� ��� ��(+4 
 � 6$�@3�!
]h;KE.E%?i:l7�\.?��
H<j%9�H}�/7 # =>7�;K: �U\K^c9��$? �_v
7�Z%9�\.� H<? E.G_9�gc\K?�H<7�: �X9$: �4\ H>j.7�7u�.9�CFE.G47
93Z%?��$7 �iZ.;LHD:l;KE.E%?i:l7�H<jK7�\.?3H<7�: L ��� � � �L93\KJ �F93GUG�jK9$J'H<jK7N:>9�CF7�E �IHbvbj �.9�\%J'@+;.=<H<j.7�= �
CF?3=>7'H>jK9�H'9�G4G�H>j.7 �4=M?�H<jK7u=MEK9�=b9�CF7
H>7u=b:O�/7u=>7 �_JL7u\iH �_vu93G 2¨�D?����/?3;KG4J¨�/7�JL7�: �4^3\ 9
vu?3\iH<=>?3GL:lH<=>7�9�Cw:l?PH>jK9�H �3�)j.7�\F93\hg[?3\K7/\K?�H<7)��93:�H>;.=>\.7�JM?�& �i�Y7��/?3;.G_JM�i\K?�� �)j �_vbj
?$\.7 �IHD��93:��



o�d ������� ��� � � � � � ����� � ��� ��� � � � � � � ��� � � ���"
�� � �	���

OUT

+  

voice 1

voice 2

voice 3

allocation

voice

"notes"

r �4^3;.=>7NdK2 o !B{|?3G4ghE.j.?$\ �4v��3? �4vu7P93GUG4?Lvu9�H �4?3\

a  

time

b  

c  

d  

voice 1...

voice 2.......

............ 

...

r �4^3;.=>7NdK241�y !|A�E�?3G4ghE.j.?$\ �4vP�$? �_v
7O9�G4GU?Lv�9�H �4?3\�9�G4^3?$= �UH<j.C �.:<j.?�� �4\.^}�$? �_v
7O:lH<7�93G��4\.^%2



� ��� � � � � ��� � �"
 
 oif
¦�j �_:Ft$;K7�:lH �4?3\ JL?h7�:l\ # H'v
?3CF7�;.E �U@DH>j.7�vu?3\iH<=>?3G�:<?3;.=bv
7 �_:F9 vuG49�� �47u=M�37ughZ�?$93=>J

Z�7�v�9�;K:<7 �UH"# : �4CME�?$:>: �UZ.G47�H<?¨E.G_9�g0CM?$=<7�H<j%9�\ ?3\.7�: �4C[;KGIHb9�\.7�?3;K:M\.?3H<7�?3\ 9c: �U\K^3G47
�$7ug32 
/;LH �UHOvu?3;.G_J�7�93: �UG4g89�= �4:<7}93GU^$?3= �IH>j.C �4v�9�G4GUg ��?3=N: �4CFE.GUgc93:P9�=>7�:<;.GUHP?3@�CF7u=>^ �4\.^
H��/?N�37ughZ�?$93=>JM:�H>=<7�9�C':|H>?3^37uH<j.7�=�2�58?3=>7u?��$7u= ��H<;.=>\ �4\.^O\.?3H<7�:�?�& �_:X?$\.G4gVH<jK7T: �4CFE.G47�:lH
7u�L93CFE.GU7}?�@Y9�CF?3=>7[^$7u\.7�=>93G E.=>?3Z.G47uC � �)j �_vbj �_:Pj.?���� ?3\Kvu7[jK9�� �4\.^�:<7
HO9�\ H>9$:l��?�&
�4\�9}�3? �4vu7TZK93\.� �L�Y7Nvu93\�^$7
H�ZK93vb�FH>?MH<j.7Ov
?$=<=>7�v
HY�$? �_v
7�H<?M^3; �_JL7 �IHb:/7u�3?$GU;.H �4?3\�9$:�9
@+;.\%v H �4?3\�?3@�=>7�9�G � H �4CM7 �4\.E.;LHb:)?3=D93\hg�?�H>j.7u=);.\KE.=<7�J �_v H>93Z.G47�@�9$v H>?3=�2

¦�?[JL7�93GK� �UH<j�: �UH<;K9�H �4?3\K:BG �4�37)H>j �4:Y�/7Tvu93\�93J.JF?$\.7D?3=�CM?$=<7e�! <��)DH>?OH<j.7TCM7�:<:>9�^$7:lH>93=lH �U\.^�9�E.=<?Lvu7�:>: ��:<;Kvbj 9$:T9'\.?3H<7 � 2DAeHb9�^ �_:T93\hg�vu?3G4GU7�v H �4?3\8?3@XJ.9�Hb9'� �IH>j��)j �_vbj
�/7Pv�9�\�G49�H<7u= �_JL7u\iH �I@+g'H>j.7NE.=>?hvu7�:>: �h�)j �_vbj��/7Ovu93\�G_9�H<7�=�;K:l7�H<?':<7�93=>vbj'@+?$=/H<j.7N�3? �4vu7
H>jK9�H �_:D9�G4GU?Lv�9�H<7�J�@+?$= �IH�2

¦�9�� �U\K^ 9�^i9 �4\cH>j.7�7u�.9�CFE.G47�?�@Dr �U^$;.=>7�dK241�y � j.7�=<7 �_:}?3\.7���9�g �/7�C �4^3jiH[�)= �IH>7
H>j.?$:<7P@+?3;.=�Hb93:<�h:)9$:)9Fv
?3\iH>=<?$G�:lH<=>7�93C !

�� � � � � � � � � � �
� � � � � � � ������� 
�
	


� � ��� 
�
	

� � ���
� � � �

� � � �

��\�H>j �_:T=>7uE.=>7�:<7u\iHb9�H �4?3\8�/7[j%9��37V\.?�\.7u7�J�?3@BH>9�^i:TZ�7�v�9�;K:<7[7�93vbj8CF7�:>:>9�^37 �+7�9$vbjG �U\K7V?�@|H<7u�hH �)vu?3\iH>9 �U\K:T9�G4G�H<jK7 �U\.@+?3=>CF9�H �4?3\8�/7O\.7u7�J �U\8?$=>J.7u=)H>?�:lE�7�v �I@+g�H<jK7V7u\iH �4=>7
Hb93:<��2�� �D7u=>7[�/7VjK9��$7V93:>:l;KCM7�J�H<jK9�HDH<jK7VH>9$:l�L:�L ��2
2�2 � ��93=<7 �4\8@�93v
H�C};K: �_vu93G�\.?3H<7�:
� �UH<j E �IHbvbj.7�:Fm$y ��miQ��Xm�d �X9�\KJ m$f.2 ����\ 7 &�7�v HF�/7 # =<7�=<7�E.=<7�:l7�\iH �4\.^ 7�93vbj0Hb93:<� 93:M9
: �U\K^3G47P7��37�\$H � :l7�v H �4?3\�`.2 ` � �4\89Mvu?3\iH<=>?3G�:lH<=>7�93C�2

©�\�H<jK7V?�H>j.7u=Dj%9�\KJ�� �I@B�/7[:<;.E.E�?$:<7O\.?�� H>jK9�H��Y7VJL?�\.?�HT�h\.?�� �U\�9$JL��9�\Kvu7OH<jK7
G47u\.^3H<j�?�@|7�9$vbj�\.?3H<7 �.9}Z�7
H<H<7�=D=<7�E.=>7�:<7u\iH>9�H �4?3\��/?3;KG4J�Z%7NH>j �_:)?3\.7 !
� � � � � � � � ��� �	�	� � � � � � ������� 


� � 
�� � � � � � 
	
�

� � 
�� � � � � � 
	
�

� � � �
�
� � 
�� � � � ��� 
	
�


� � 
�� � � � � � 
	
�

� � � �
�
� � � �
�
� � � �
�

�D7�=<7}7�9$vbj�\.?�H>7[jK9$:TZ�7u7�\c:<E.G �IH �U\iH>?�H��/?�:<7uEK93=>9�H<7V7��37u\iHb:DH>?�:lH>9�=<HP93\KJ�7�\KJ �UH�2
¦�j.7[G493Z%7�G4:�L ��242U2 � ��9�=>7V;K:<7�J89$:)Hb9�^$:����Y7V�h\.?�� �)j �_vbj :lH>9�=<HT^$?i7�:)� �UH<j��)j �_vbj�7�\KJ
: �U\%v
7�H<j.7 �U=�Hb9�^$:�93=<7TH<j.7O:>9�CF732��D?3H<7PH<j%9�H�H<j.7PHb9�^ �4:�\.?3H)\.7�vu7�:>:<93= �4GUgF=>7uG_9�H>7�J�9�H�93GUG
H>?}H>j.7O�3? �4vu7PH<jK9�H�� �4G4G�Z%7O;%:l7�J�H>?FE.G49�g�7�93vbj�\.?3H<732

¦�j.7N58�����Y:lH>9�\%J.9�=bJ�JL?h7�:Y\.?3H�:<;.E.E.G4gFH>93^$:�� �U\�\.?3=>C'9�G�;K:l7 �iH<j.7PE �UH>vbj�?�@ 9}\.?�H>7
:<7u=>�37�:�9�G_:<?[93: �IHb:YH>9�^ ��:<?VHb9�^$:/9�=>7�vu?3\K:lH>93\iH<G4g}Z�7 �4\.^M=<7 � ;K:<7�J�2 �[� @�H��/?[\.?3H<7�:YjK9�� �4\.^
H>j.7[:>9�CF7OE �UH>vbj�C[;K:lHTZ�7[93JKJL=<7�:<:<7�J�:<7uEK93=>9�H<7�GUg �+H<?�:<G��_JL7OH>j.7 �4=DE �UH>vbjK7�: �4\�J � &�7�=<7�\iH



o3m ������� ��� � � � � � ����� � ��� ��� � � � � � � ��� � � ���"
�� � �	���
�/9�gL:/@+?$=)7
�.9�CFE.G47 � �.H<jK7V58���T�)vbjK93\.\.7�G�C'9�g�Z%7[;K:l7�J � �4\�93J.J �UH �4?3\�H>?FH<j.7V\K?�H<7 ��93:
9}H>9�^%2

��\�=<7�9�G � H �UCF7VC};K: �4vV:<?�@~H���9�=>7 �UH �_:T?3@~H<7u\8\K7�v
7�:<:>9�=>g�H>?�EK9$:<:TZK93vb��9�\KJ8@+?3=<H<j8Z�7 �
H��Y7�7u\¨H>j.7�7��37u\iH � E�7u= � Hb93:<��=>7uE.=>7�:<7u\iH>9�H �4?3\09�\%J H<j.7�H>9�^$^37�J¨=<7�E.=<7�:l7�\iH>9�H �U?$\09�Z�?��37 �
: �4\Kvu7TH>j.7N�K=b:�H�=<7�E.=>7�:<7u\iH>9�H �4?3\ �_:�Z%7uHlH>7u=D:<; �IH>7�J�H<?F:�H>?3=b9�^$7�9�\%J�^$=>93E.j �_vu9�G�=>7uE.=>7�:<7u\��H>9�H �4?3\ �L�)j �4G47NH<j.7V:<7�vu?3\KJ �4:DZ%7uHlH<7�=T:<; �IH>7�J�H<?F=>7�93G'� H �4CF7P?$E%7�=>9�H �4?3\K:�2

� �	� 
-0�
 � 0&!$#325��6�4�( 0 4&0 ��8

¦�j.7O7
�.93CMEKGU7�:�@+?$=�H<j �_:DvbjK93ELH<7�=)� �UG4G�;K:<7O{�J # :  -E>)+� HG -Z<� �('�, CF7�vbjK93\ �_:lC �L�)j �_vbj�E%7�= �
C �IHb:DH>j.7[Z.; �UG_J �4\.^�?3@|E%9�H>vbjK7�:)H>jK9�HPC'9�g�Z�7[=>7u;K:<7�J893\hg�\h;.C}Z%7�=T?�@BH �UCF7�:u2P©�\K7V?3=
CF?3=>7)?3ZL��7�v H�Z�?��L7�: �4\�9V{YJ}E%9�H>vbj'C'9�gMZ%7 )X%&E!@& #�!ZG]&C+)��h�)j �_vbj�9�=>7D:l7�EK9�=b9�H>7)EK9�Hbvbj.7�:
7u\Kv�9�EK:<;.G_9�H>7�J �4\K: �4J.7�H<j.7�Z�?��h7�:u2�¦�j.7�:<7)v
?$CM7 �4\[H��/?PH�ghE%7�: ! '#,.C5;9'��I)X%&E!@& #�!ZG]&C+))9�\KJ
 -E>)+� H5 Z>�S�('#,&) 2B��\'7 �UH<j.7�=/v�93:<7)H<j.7P:l;KZ.EK9�Hbvbj�9�E.E�7�93=>:Y93:Y9�\'?3Z.��7�v H/Z%?�� �4\'H<j.7A@^ �H5C<,&�
EK9�Hbvbj�2

� @�g3?$;FH�ghE%7 	 E�J 
}?3= 	 E�J�C[g � \K9�CF7�
 �U\iH<?F9�\�?3ZL��7�v H�Z%?����$H<j �_:�v
=>7�9�H>7�:/9V?$\.7 � ?�&
:l;KZ.EK9�Hbvbj�2)¦�j.7[vu?3\iH<7�\$Hb:D?3@�H>j.7[:<;.Z.EK9�H>vbj�93=<7V:>9��37�J�9$:)EK93=lHT?3@|H<j.7VE%9�=>7u\iHDEK9�Hbvbj �
�U\�?$\.7��KGU7$2�� @Ng3?3; C'9��$7�:<7u�$7u=b9�G)v
?$E �47�:F?�@N90:l;KZ.EK9�Hbvbj g$?3; C'9�g vbjK9�\K^37�H<j.7�C
�U\%J �U� �_JL;K93GUG4g32�©�\�H>j.7[?3H<j.7�=TjK93\KJ��Kg$?3;�v�9�\ �4\i�$?3�$7N93\�9�ZK:lH<=b93v
H �4?3\�Zhg�H�ghE �4\.^ �4\iH<?H<j.7MZ�?���H>j.7}\%9�CF7[?3@�9�{�J�EK9�Hbvbj :<9��$7�J�H>?�9F�KG47 �+� �UH<j.?$;LH�H>j.7 	 2 E�J 
�7
�hH<7�\K: �4?3\ � 2
��\8H<j �4:N: �IH>;K9�H �U?$\�{�J8� �4GUG�=>7�93J8H<jK9�HT�KG47 �4\iH<?�H>j.7}:<;.Z.E%9�H>vbj 2T��\�H>j �_:T��9�g ��vbjK9�\K^37�:
H<?MH<jK7N�KGU7OEK=<?$EK9�^i9�H<7P7u�$7u=>gh�)j.7u=>7DH>j.7V9�ZK:lH<=b93v
H �4?3\ �4: �4\h�3?$�37�J�2

©�ZL��7�v
H�Z%?��L7�: �U\�H>j.7 :<;.Z.EK9�H>vbj �+7 �IH>j.7u=�?$\.7 � ?�& ?3=�9�Z%:�H>=>9$v H �4?3\%: �}C'9�g vu=<7�9�H<7
�U\KGU7uH>:|9�\KJ[?3;LH>GU7uH>:�?3\VH<j.7/Z%?�� �4\VH>j.7/EK9�=>7u\iH�E%9�H>vbj 2�¦�j �_: �4:|JL?$\.7Y� �UH<j[H<j.7Y@+?3G4G4?�� �U\.^
v
G_93:>:l7�:/?�@|?3ZL��7�v H>:"!

�4\.GU7uH � �4\.G47
H + !�vu=<7�9�H>7 �4\.G47
Hb:|@+?3=|H>j.7)?3ZL��7�v HBZ�?��Mv
?$\iH>9 �4\ �4\.^�H<j.7D:<;.Z.EK9�H>vbj�2|¦�j.7
�U\KGU7uH +w�37�=>: �4?3\�v
=>7�9�H<7�:�93\ �U\KGU7uHP@+?$=P93;KJ �4?�: �4^3\K93G4:��%�)jK7u=>7�93: �4\.GU7uHNvu=<7�9�H>7�:�?3\.7}@+?3=
v
?$\$H>=<?$GB:�H>=<7�9�C':u2F��\¨7 �UH<jK7u=[v�93:<7 ���)jK9�H<7��37u=O:<j.?��D:N;.E¨?3\cH<jK7 �U\.G47
HV?3@YH>j.7'Z�?�� �U\
H<j.7OE%9�=>7u\iH)EK9�Hbvbj�vu?3CF7�:�?$;LHD?�@�H<j.7 �4\.G47
HD?3Z.��7�v H �4\�H<j.7V:<;.Z.EK9�H>vbj�2

?3;.H<G47
H � ?3;.H<G47
H + !YWY?3=>=>7�:<E%?$\KJ �4\.^}?$ZL��7�v
H>:/@+?$=)?3;LH>E.;LH)@+=>?3Cª:<;.Z.EK9�H>vbj.7�:u2
{�J¨E.=>?�� �4JL7�:O9�\ 93=<^$;.CF7u\iH � EK93:>: �U\.^�CF7�vbjK93\ �_:lC�:l?�H>jK9�H[g$?3;0vu93\0EK9�=b9�CF7uH<= �Uk�7

J � &�7�=<7�\$H �U\h�3?Lv�9�H �4?3\%:�?�@B9�\�9�Z%:�H>=>9$v H �4?3\ 2X� @ �U\�93\8?3ZL��7�v HDZ�?���g3?$;�H�giE�7 	�� � 
 � �IH �_:
7
�LEK93\KJL7�J}H>?OCM7�9�\ 	 H>j.7)�K=b:lH�v
=>7�9�H �U?$\M93=<^$;.CF7u\iH �4\MC}g[Z�?��}?$\FH<j.7)EK93=<7�\iHXEK9�Hbvbj 
 �
9�\KJ : �UC �4G493=<G4g�@+?3= 	�� � 
�9�\KJ :l?�?3\ 2M¦�j.7FH>7
�hH �U\¨9�\ ?3Z.��7�v HOZ�?�� �_: �U\iH<7�=<EK=<7uH<7�Jc9�H
H<j.7DH �4CM7TH<j.7TZ%?�� �4:�v
=>7�9�H>7�J��$;.\.G �U�$7)H<jK7)H<7u�iH �U\�9VCM7�:<:>9�^$7�Z%?�� 2���\'CM7�:<:>9�^$7)Z%?��L7�: �
H<j.7N:>9�CF7 	�� ��
VCM7�9�\K: 	 H<j.7��K=b:�H�9�=>^3;.CF7u\iH/?�@�H>j.7NCM7�:<:>9�^$7D� ��;K:lH)=<7�v
7 �U�$7�J 
V93\KJ �_:
�U\iH>7u=>E.=<7uH<7�J��)j.7�\.7u�$7u=D9M\.7�� CF7�:>:<93^37Ov
?$CF7�: �4\�2

AD\87
�.93CMEKGU7O?3@B93\89�ZK:lH<=b93v
H �4?3\ �L;K: �4\.^ �U\KGU7uH>:��K?3;.H<G47
H>:��K93\KJ�EK9�=b9�CF7uH<= �Uk�9�H �4?3\ � �_:
:ljK?��)\ �U\F�K^$;.=>7DdK24131$2 ��\�EK93=lH ��9 � �i9VEK9�Hbvbj �U\h�3?$�37�: 	 E.G4;K:<C �U\h;K:�
 �4\�9�\'?3Z.��7�v H/Z%?����
� �IH>j 9cv
=>7�9�H �U?$\ 9�=>^3;.CF7�\$H}7�ti;K9�GYH<?0fL2 ¦�j.7�\i;KC[Z�7u=Fz �_:V@+7�J0H<? H<j.7�E.G4;K:<C �4\h;K:
?3ZL��7�v H �.9�\KJ�?3;.H)vu?3CF7�:/H>j.7V:<;.C 93\KJ�J �'&�7u=>7u\Kvu7O?�@|z'9�\KJ�fL2

¦�j.7�E.G4;K:<C �4\h;K:'?$ZL��7�v
H �4:'\K?�H�JL7u�K\.7�J Zhg {YJ���Z.;LH �_:'=b9�H<jK7u=�JL7u�K\.7�J Zhg H<j.7
EK9�Hbvbj =>7�: �4J �U\.^ �4\ H>j.7F�KG47M\%9�CF7�J 	 E.G4;K:<C �4\h;K:�2 E�J 
.2F¦�j �_:PEK9�Hbvbj �_:O:ljK?��)\ �4\cEK93=lH
�+Z �)?�@�H<j.7O�%^3;.=>732X¦�j.7[?3\.7 �4\.G47
HT9�\%J�H��/?'?3;.H<G47
HD?3Z.��7�v Hb:Dv
?$=<=>7�:<E�?3\KJ�H<?FH<jK7 �U\KGU7uH>:



� � � � ������� � � � 
 ohp

inlet

outlet outlet

+ $1 − $1

8

13

plusminus 5

3

(a) (b)

r �4^3;.=>7XdK24131 ! {�J # :�93ZK:lH<=b93v H �U?$\NCM7�vbjK9�\ �4:<C ! ��9 � �4\i�$?3� �4\.^�H<j.7/9�ZK:lH<=b93v
H �4?3\ � 	 EKGU;K:<C �'�
\h;K:�
P� �IH>j'fP9$:B9Ov
=>7�9�H �U?$\}93=<^$;.CF7u\iH�� �+Z ��H>j.7Dv
?$\$H>7u\iH>:|?3@%H>j.7��KG47 � 	 E.G4;K:<C �4\h;K:�2 E�J 
.2

93\KJ�?3;LH>GU7uH>:�?�@BH>j.7[E.G4;K:<C �U\h;K:�?3ZL��7�v H�2T¦�j.7VH��/? 	�� �}9�=>^3;KCM7�\iH>: �+H<?�H>j.7 :w93\KJ 7
?$ZL��7�v
H>: �Y93=<7N=>7uE.G_93vu7�J�Zig�f �~H<jK7Vv
=>7�9�H �U?$\�93=<^$;.CF7u\iH�?�@�H<j.7OE.G4;K:<C �U\h;K:�?$ZL��7�v
H � 2

§ 7Pj%9��37�93GU=>7�9$JLg':l7�7u\�?3\.7N9�Z%:�H>=>9$v H �4?3\ �U\�H<j.7N7u�L93CFE.GU7�: !�H>j.7�?$;LH<EK;LH + ?$ZL��7�v
H
�4\iH<=>?hJ.;Kv
7�J �4\ vbjK93ELH<7�=�1 �)r �4^3;.=>7 132 z � v��
2 ¦�j �_:�:<j.?��D:�93\�93J.J �IH �U?$\K9�G)@+7�9�H>;.=<7 ?�@
93ZK:�H>=>9$v H �U?$\K: ��H>jK9�HBH>j.7ug}C'9�g[J �_:lE.G_9�g[vu?3\iH<=>?3G_:|93:|EK93=lHX?3@KH<jK7 �4=XZ%?��L7�:|?3\MH<j.7)E%9�=>7u\iH
EK9�H>vbj �.:<7u7PH>j.7V{�J�JL?Lv
;.CF7�\$Hb9�H �U?$\�@+?$=D9FJL7�:>v
= �UE.H �4?3\�?�@�H<j �_:/@+7�9�H<;.=>732

� �	� 

� � .1032�� !

� ������� � � ��� � � � �"� % � � � � ��� #�� !$%�#
{B9�H>vbj ��yK132 7u\h�37�GU?$E%7$2 ^$7u\�2 E�J �+�K^3;K=<7�d%2U1�Q �O:<j.?��D:OjK?���H>j.7 ����������?3ZL��7�v HMCF9�g Z�7
;K:<7�JOH<?T^$7u\.7�=>9�H<7/9�\[A �P]� 7u\h�37�GU?$E%7�H<?Pv
?3\iH>=<?$Gi9�:lgh\iH<j.7�: �_:�E%9�H>vbj �+?$\.GUgPH>j.7/A �P]  
7�\i�$7uG4?3E�7 �_:�:<j.?��)\ �
2�¦�j.7 	 9�HlH>9$vb� 
FZ.;LHlH>?3\ ���)j.7�\ E.=>7�:>:<7�J���:l7uH>:�?�& H��Y?�vbjK9 �4\K:�?�@
7��37u\iHb:u2|¦�j.7��K=>:lH ��GU7u@~H<CF?$:lH �U\�H<j.7��K^3;K=<7 � �_:XH>?M:<7
HYH<j.7 ���$�����P?3ZL��7�v HY?$\ �UH>:�9�H<H>93vb�
:<7u^$CM7�\iH�� � �UH<j 9�Hb9�=>^37uHV?�@O1�y �~H>j.7�E�7�93�c93CMEKG��UH<;KJ.7 �N?��$7u=[Q�y$y�CF:<7�v �~H<jK7�9�H<H>93vb�
H �UCF7 �
2 ]h7�vu?3\KJ �|H<j.7�9�H<H>93vb�¨Z.;.HlH<?$\ :<7
Hb:M9 ��� � � � ������?$ZL��7�v
H���:<?�H>jK9�H'9�@~H>7u=MH<jK7
9�HlH>9$vb��:<7u^$CM7�\iH �4:PJL?$\.7 �%H<j.7MJL7�v�9�g�:<7u^$CF7u\iH�vu93\�:�Hb9�=<H�2D¦�j.7MJL7�v�9�g�:<7u^$CF7u\iHT^3?h7�:
H>?F9}Hb9�=>^37
H)?3@Y1 �~H>j.7V:<;K:�Hb9 �4\�G47u�$7uG ��9�@~H>7u=D9�\K?�H<jK7u=DQ3f3y3y}CF:<7�v �+H<j.7VJ.7�vu9�g�H �4CM7 � 2

¦�j.7 	 =>7uG47�93:<7�
/Z.;.HlH<?$\[:<7u\KJ.: H<jK7Y:>9�CF7 �����
���Y?3ZL��7�v H Z�7�vb��H<?�ku7u=>?D?��$7u= f�y$y)CF?3=>7
C �4GUG �4:<7�vu?3\KJK:��~H<jK7V=<7�GU7�93:<7PH �4CM7 � 2�ADG_:l? � �4\�v�93:<7NH<j.7 ����� � � ��� �'?3ZL��7�v HDjK93E.E%7�\K:�H>?
Z�7P:<7
H�9�H/H<j.7PCF?3CF7u\iHYH<j.7 	 =>7uG47�9$:l7 
OZ.;LH<H<?3\ �4:YE.=>7�:>:l7�J��L9 
��
���MCF7�:>:>9�^37 �4:�:<7u\iH�H>?
�UH�2[¦�j �4:PE.=>7u�$7u\iH>:TH<j.7'A �P]� �^37�\.7u=b9�H>?3=T@+=<?$C G493;.\Kvbj �4\.^ �IHb:PJ.7�vu9�g�:<7u^$CF7u\iHP9�@~H<7u=
G_9�;.\%vbj �U\K^ �UH>:)=>7uG47�9$:l7N:<7u^3CF7�\$H�2

��\0EK9�H>vbj ��yiQL2 93J.:<=�2 E�J �+�K^3;K=<7'd%2U1�` ���Y7'7�\Kvu93EK:<;.G49�H<7FH>j.7�A��N]� �^$7u\.7�=>9�H<?3= �4\
9'{YJ89�ZK:lH<=b93v
H �4?3\ �+\K93CF7�J � ��
�����:<?FH<j%9�H �UHPv�9�\87�93: �UG4g�Z�7[=>7uE.G �_vu9�H>7�J 2)¦�j.7}JL7�: �U^$\
?3@�H>j.7 � ��
���93ZK:lH<=b93v H �U?$\�C'93�37�: �UHDE�?$:>: �4Z.G47NH<?�v
?$\iH<=>?3G�H<jK7O�K�37OA �P]� EK9�=b9�CF7
H>7u=b:



o3z ������� ��� � � � � � ����� � ��� ��� � � � � � � ��� � � ���"
�� � �	���
attack release

line~
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*~ 

1 2500

10 200 del 200

stop
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(OUT)
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 o$o

inlet

inlet

trigger

sel 0
t b

f $1

pack 0 $2

inlet

del $2

line~

f $4

pack 0 $3

inlet inlet

inlet

stop

pack 0 $5

level

* $1

outlet~

and pack with

attack time

if zero
release

decay

back to zero

* 0.01

attack decay sustain

release

attack

moses

t b b

0  

optionally

ATTACK:

test for negative trigger

if so, zero the output

... then

recall peak level

peak

... do this

cancel

DECAY

RELEASE: ramp

anyway

to zero

jump
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osc~

*~ 

line~

line~

osc~

*~ 

line~line~

sqrt

sqrt

sqrt

sqrt

*~ 

*~ 

*~ 

*~ 

unpack unpack

r freq

r amp

r freq r amp

LINEAR QUARTIC

;
freq 1760 5000

;
freq 55 5000

sample messages

output~

0dB

mute

output~

0dB

mute
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catch~ sum

s frequency

s duration

40 

* 100

mtof

72 

duration, tenths
of a second

pitch

partial 1 1 0.56 0

<−− click to play

s trigger

partial 0.67 0.9 0.56 1

partial 1 0.65 0.92 0

partial 1.8 0.55 0.92 1.7

partial 2.67 0.325 1.19 0

partial 1.67 0.35 1.7 0

partial 1.46 0.25 2 0

partial 1.33 0.2 2.74 0

partial 1.33 0.15 3 0

partial 1 0.1 3.76 0

partial 1.33 0.075 4.07 0

(out)
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 1�y$`

sqrt

trigger

*~ 
line~

*~ 

*~ 

0 $1

sqrt

r trigger

float $1

r duration

r frequency

t b b

throw~ sum

$1 5

del 5

* 0.1

+ $4

float $2

*  actual duration

float $3

*  

osc~

plus detune

add to global

summing bus

arguments:

relative
frequency

times global
frequency

ATTACK

DECAY

relative
duration

quartic amplitude
curve

$1 amplitude;
$2 relative duration;
$3 relative frequency;
$4 detune

attack time

5 msec
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s pitch

51.8

0

s whammybar spectrum−partial 1

loadbang

metro 30

s poll−table

spectrum−partial 2

spectrum−partial 3

send bangs to "poll−table"

needed by the abstraction

0 12 24 36 48 60 72 84 96 108 120

spectrum−tab
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osc~

r poll−table

+ 50

dbtorms

0  

pack 0 30

line~

throw~ sum−bus

*~ 

r pitch

mtof

f  

* $1

ftom

−  r whammybar

pitch to frequency

then get the frequency of this specific partial

... and then convert back to pitch.

... at which time we get the pitch back...

tabread4 spectrum−tab

$1: partial number

calling patch bangs this every 30 msec.

get the strength from the table

and transpose by shifting table index.

but we want true zero when

the table value is 0 or less.

The vertical scale is dB from 1 to 50,
moses 1
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pd pulse−train

<−− bandwidth
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<−− modulation frequency as
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modulating oscillator

RING MODULATED PULSE TRAINS
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osc~

*  r freq

<−− pulse train

generator from before
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(as multiple of
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(as multiple of
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the fractional part "q"

c2 − c1

q * (c2 − c1)

q * c2 + (1−q) * c1

phasor~

center frequency
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line~
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cos~
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wrap~−~ 

+~ 

−~ 

*~ +~ 

samphold~
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center

line~

pack 0 50

phasor~

29

fundamental

72

line~

*~ 

pack 0 50
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−~ 0.25

+~ 100

tabread4~ bell−curve
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expr 1/$f1

mtof

frequency
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bandwidth

mtof

*~ 

*~ 25

divide by

range for table

offset to middle

C.F. relative

to fundamental

(MIDI units)

ring mod
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delay in

pd delay−writer

pd delay−reader

/ 44.1

(BAD)

pack 0 30

pd pulse

delwrite~ G05−d1 1000

vd~ G05−d1

line~

pd pulse

(GOOD)
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r �U^$;.=<7¨ph2RQ�z ! aT: �U\K^ :l;KZ.EK9�Hbvbj.7�:'H<? 7�\K:<;.=<7�H>jK9�H�JL7uG_9�g G �4\.7�:�9�=>78�)= �UHlH>7u\�Z�7
@+?$=<7
H<j.7�gM93=<7)=>7�9$J �U\'\.?$\�� =<7�v �4=>vu;.G49�H �4\.^N\.7
H��/?3=>�L: ! ��9 �BH<j.7�� ��� ��� ���
���)9�\KJ ��� �T?$ZL��7�v
H>:
C �U^$j$H|Z�7/7u�L7�v
;.H<7�J �U\M7 �UH<jK7u=�H<j.7 	 = �4^3jiH�
T?3=�H<j.7 	 �)=>?3\K^ 
)?$=>JL7�=�� ��Z � H<j.7������ � � � �
���
?3ZL��7�v H �_: �U\%: �_JL7�H<jK7 ��� � ��� � � � ��� � �
� � :l;KZ.EK9�Hbvbj 93\KJ H<j.7 ��� �8?3Z.��7�v H �_: �4\K: �_JL7
H<j.7 �
� � ��� � � �	�
� � ��� ��?3\.7$2�
/7�v�9�;K:<7F?�@/H<j.7�93;KJ �4?�v
?$\.\.7�v
H �4?3\ Z%7uH��Y7�7u\ H<jK7'H��Y?
:l;KZ.EK9�Hbvbj.7�:��BH>j.7�?$=>J.7u=M?�@T7u�h7�v
;LH �U?$\ ?3@DH<j.7�=>7�93J ���)= �IH>7�EK9 �U= �4:}@+?$=>vu7�J¨H>?cZ�7�H<j.7
v
?$=<=>7�v
H/?$\.732

H<j.7[=<7�93J �4\.^F?3E�7u=b9�H �U?$\ �L�Y7Vv�9�\�E.=>?Lv
7u7�J�93: �4\8EK9�=<H �+Z �D?�@�H<j.7V�K^3;.=>7 �%9�\KJ�E.;LHTH<j.7
H��Y?'?$E%7�=>9�H �4?3\K: �U\�:<;.Z.EK9�H>vbj.7�: ��v
?$\.\.7�v
H �4\.^'H>j.7OH��/?'� �_9�93;KJ �4?�: �4^3\K93G4:T:l?'H>jK9�HTH<j.7�K=b:�H�:<;.Z.EK9�H>vbj'C};K:�HYZ%7Tvu?3CFE.;LH>7�JFZ�7
@+?$=<7)H>j.7T:<7�vu?3\KJM?3\K732 ��AD;%J �U?}v
?3CFE.;.H>9�H �U?$\ �U\
:l;KZ.EK9�Hbvbj.7�: �_:BJL?$\.7)9�H<?$C �4v�9�G4GUg � �U\}H<jK7D:l7�\K:l7/H>jK9�HBH>j.7�7u\iH �4=<7):<;.Z.EK9�H>vbjFv
?$\$H>7u\iH>:B93=<7
v
?$\K: �_JL7�=<7�J}9$:�H<j.7D93;KJ �4?Nvu?3CFE.;LHb9�H �U?$\[@+?$=|H<j.7D:<;.Z.EK9�H>vbj'93:B9P�)j.?$GU7$2|]L?P7��37�=<giH<j �U\.^
�U\�H>j.7O?3\.7O:<;.Z.EK9�H>vbj�jK9�EKE%7�\K:)Z�7
@+?3=>7O9�\hgiH<j �4\.^ �4\�H>j.7V:<7�v
?$\KJ�?3\.7$2 �

��\�H<j �4:N7u�L93CFE.GU7 ��H<j.7 	 = �U^$jiH�
�93\KJ8H>j.7 	 �)=<?$\.^ 
F��9�g�H<?�C'9��37[H<j.7Fv
?$C[Z8�%GIH>7u=
jK9��37}9�;KJ �4Z.G4g8J �'&�7u=>7u\iHN=<7�:l;KGIHb:u2Pr.?3=NJL7�G49�gL:DG47�:>:TH<jK93\ m�d�:<93CMEKGU7�: �%H<j.7M= �U^$j$H�jK9�\KJ
: �_JL7}?�@|H<j.7}EK9�Hbvbj �+;%: �4\.^�:<;.Z.E%9�H>vbjK7�: ��^ �4�37�:)H<jK7}v
?$=<=>7�v
HD=<7�:l;KGIH �%Z.;.H�H>j.7[G47
@~HPjK9�\KJ
: �_JL7OJL?h7�:<\ # HDE.=>?hJ.;Kv
7OJL7�G49�gL:�Z�7uG4?���H<jK7Vm�d':<93CFE.GU7NZ.G4?Lvb��: �Uk�732
�"���%$ � � � %+��� #�� � ��#�� ��� � !$� � � �	% � � � � !�� #&��! %(�*!�� � � ' %+� ��� � #
��\�EK9�H>vbj �Ny3m.2 ?Lv Hb9��3732 JL?$;.Z.G47u=�2 E�J ��r �4^3;.=>7Vph2RQ�o �X�Y7P=>7u� �4: �UHYH>j.7 �4JL7�9[?3@ E �UH>vbj�� ZK9$:l7�J
?Lv H>9��$7�:<j �U@~H �4\.^ �4\iH<=>?LJL;Kv
7�J'7�93=<G �47u= �U\�EK9�Hbvbj���y$`.2 ?Lv H>9��$732 J �4� �_JL7�=�2 E�J�2�¦�j.7�=<7 �$�h\.?����
�U\K^OH<j.7TE%7�= �4?LJ �4v �IH�gM?�@ 93\ �U\Kvu?3C �4\.^[:<?3;.\KJ'93GUG4?��/7�JM;K:BH>?OH<;K\.7�9N= �U\K^VCF?hJ.;.G49�H<?$=BH<?
�U\iH>=<?LJL;Kvu7Y:<;.Z.jK93=<CF?$\ �4v�:u2��D7u=>7/�Y7Y=<7�9�G �Uk�7XH<jK7Y?Lv Hb9��37�J.?3;.Z.G47u=|JL7�:<vu= �4Z%7�J �4\M]h7�v H �4?3\
ph2 `.2'aT: �4\.^89���93= �_9�Z.G47 � \.?3\�� =>7�v �4=bv
;.G_9�H �U\.^�v
?$C[Zc�KGIH>7u=V�/7M�KGUH<7u=O?$;LHV?LJ.J jK9�=>CF?3\��
�4v�: � GU7�9�� �4\.^�?3\.G4g�H<jK7'7u�37�\ ?$\.7�:����)j �_vbjc:<?3;.\%Jc93\c?Lv Hb9��37Mj �4^3j.7�=�2MAT:NZ�7
@+?3=>7 ��H<j.7
:lE�7�v
H<=b9�G�7u\h�37�GU?$E%7P?�@ H<j.7N:l?$;.\KJ �4:/=>?3;.^$j.GUgFE.=>7�:<7u=>�37�JFZhgFH<j.7P?3E�7u=b9�H �U?$\ �L:l?}�Y7Nvu93\
9��3? �4J}H<jK7 	 vbj �4E.C};.\.� 
N7 &�7�v
HY�/7D�Y?$;.G_JFjK9��37)^$?�HXZhg};%: �4\.^[:<E%7�7�J�vbj%9�\.^$7�H<?[JL?VH<j.7
H<=b9�\K:<E�?$: �IH �U?$\�2



� � ��� � �+����� � � � 
 Q�yhp

fiddle~ 2048

unpack

moses 1

mtof

pd looper

samplerate~t f b

delwrite~ G06−del 100

delread~ G06−del

vd~ G06−del

+~ 

+  

expr 500/$f1

expr 2048000/$f1

line~

pack 0 20

fundamental frequency

1/2 period, in msec

estimate fiddle~ delay

|  
OUT

as one window (in msec)

r �4^3;.=>7¨pL2 Q3o ! AT\ 	 ?Lv
H>9��37 JL?3;KZ.GU7�=�
 ;K:<7�:�E �UH>vbj �4\L@+?$=<C'9�H �U?$\ �+?$ZLH>9 �U\K7�J ;K: �4\.^ 9
� ��� ��� ���M?3ZL��7�v H ��H>?�H<;.\K7�9�vu?3C}Zc�%GIH>7u=NH<?8=>7uCF?��$7[H>j.7'?LJ.J jK9�=>CF?3\ �_vu: �4\09�\ �U\��
vu?3C �U\K^F:<?3;K\KJ 2



Q�y$z ������� ��� � ��� ����� � 
 � � ����

¦�j.7Pvu?3C}Z��KGUH<7�= �4\.^ �4:/JL?3\K7�Zhg�v
?$C[Z �4\ �4\.^VH��/?}J.7uG_9�g37�J�v
?3E �U7�:�?3@�H<j.7 �4\Kv
?$C �U\.^

: �4^3\%9�G �+@+=<?$CªH>j.7 �
� � � ���
����:<;.Z.E%9�H>vbj�9�HDH<?$E � 2)¦�j.7V�.�L7�J�?3\K7 � ����� ��� � � � � �_:T:<7
H
H<? 9�JL7uG_9�g ?�@O1 �3Q�H<j.7�� �U\%JL?���: �4ku7�?�@�H<j.7�E �UH>vbj0@+?$GUG4?�� �U\K^ 9�G4^3?$= �UH<j.C�28§ j.7�=<7�93:
�U\ H<j.7F7�9�=>G��47u=P7
�.9�CFE.G47}H<j �_:P�/9$:Tj �_J.JL7�\ �4\¨9�\.?3H<j.7�=P:<;.Z.EK9�H>vbj � �/7Fvu9�\c\.?�� :<j.?��
H<j �_:'7u�hEKG��_v �UH<G4g32�¦�j.7�JL7�G49�g �4\ C �UG4G �4:<7�vu?3\KJ.: �4:'7�:�H �UC'9�H<7�J�9$:'7�ti;K93G)H<?¨H>j.7 Q�y3d$z �
:<93CFE.GU7P9�\K93GUgL: �4:Y� �4\KJL?�� ;K:<7�J'ZhgFH>j.7 � ��� �
������?3ZL��7�v H�� �4\�C �4GUG �4:<7�vu?3\KJK:XH>j �4:�vu?3CF7�:
H<?�1�y$y3yB$�Q3y�d$z �#g �)j.7�=<7eg �_:/H<jK7V:<93CMEKGU7N=b9�H<7$2

¦�j.7¨��93= �_9�ZKGU7 JL7uG_9�g �4:�H<jK7¨:>9�CF7 �TE.G4;K: 1 �3Q0?�@[H<j.7 CF7�93:<;.=>7�J E%7�= �4?LJ�?�@[H<j.7
�U\%v
?3C �4\.^8:l?$;.\KJ�� ?$='1�y$y3y � � Q � ��C �UG4G��_:<7�v
?$\KJ.:N�)j.7�=<7 � �_:PH<jK7}@+=>7�ti;.7�\Kv
g �U\¨�D7�=lH>k32
¦�j.7T:<;.Cw?�@�H<j �_:�93\KJMH<jK7)�.�L7�J'JL7�G49�g}H �4CF7 �_:BH<jK7u\�:<CF?i?3H<j.7�JM;K: �4\.^[9 ���������D?3ZL��7�v H
H<?FC'9��$7�H>j.7 �4\.E.;LH�: �4^3\K93G%@+?$=�H<j.7O��93= �_9�Z.G47OJL7uG_9�g�G �U\K732

] �U\%v
7PH<j.7VJ �'&�7u=>7u\Kvu7NZ%7uH��Y7�7u\�H>j.7NH��/?MJL7�G49�gL: �_:�1���� Q � ���iH>j.7N=<7�:l?$\K9�\iH/@+=<7�t$;K7u\��
v �47�:)?3@|H<j.7V=>7�:<;.GUH �4\.^�vu?3C[Z��KGUH<7�=�93=<7[Q � 2 d � 2 m � $�$&$ �KH>j.7OH>=>93\K:�@+7�=)@+;.\Kv
H �4?3\ � :l7�v H �4?3\
ph2 ` � �_:Yku7u=>?[9�H�H<jK7D@+=>7�ti;.7u\%v �47�: � 2 ` � 2 $&$�$ �h:l?[H<j.7�=<7�:l;.GUH �4\.^M:l?$;.\KJ'v
?$\iH>9 �4\K:�?3\.G4gMH<j.7EK9�=<H �_9�G_:B9�HXC};.GUH �4E.GU7�:X?3@�Q � 
 93\}?Lv
H>9��37)93Z%?��$7YH>j.7D?$= �4^ �4\K9�G 2�]L7u7u\'93\.?�H>j.7u=X��9�g ��H<j.7
�U\%v
?3C �4\.^�:<?3;.\%J �4:T?3;LH>E.;LHTH�� �_v
7 ��9�jK9�GU@ � vugLv
G47V9�EK93=lH �%?LJ.J�jK93=<CF?$\ �4v�:D9�=>7OH>j.7u=>7uZhg
:lj �I@~H>7�J�1�z$y�J.7u^3=>7u7�: � ��=b93J �_9�\K: �P9�\KJ¨v�9�\Kvu7uG ��7��37u\¨jK93=<CF?$\ �4v�:O9�=>7 �U\¨E.jK9$:l7'� �UH<j
H<j.7 �U=DJ.7uG_9�g37�J�v
?$E �47�:)9�\%J�=>7uC'9 �4\ �U\�H<jK7V:l;.C�2


Y?3H<j�H>j �4:T9�\KJ�H>j.7O?Lv H>9��$7OJ �U� �_JL7u=�C'9�g�Z%7}9�GUH<7u=>7�J�H>?'CF93�37V:<j �U@~H>:D?3@|`F?$=)dFH<?
?3\.7 �4\M@+=<7�ti;.7u\Kvug �i9�\KJ}H<jK7ug[C'9�g[93G4:<?NZ%7�v
?3C}Z �4\.7�J}H<?OC'93�37)v
?$CME�?3;K\KJF:lj �U@~H>:Y:l;%vbj
93:)9FC};K: �_vP�.@~H>j ��9F=b9�H �4?'?�@B` !RQ �YZhg�:<j �U@~H �4\.^�JL?��)\�9�\�?Lv Hb9��37O9�\%J�H>j.7u\8Z%93vb��;.E�9
@�93v
H<?3=�?�@�H<j.=>7u7$2 � � ?3;�:<j.?3;KG4J'JL?VH<j.7TJ.?��)\�� :<j �U@~H �4\.^OZ�7
@+?3=>7)H>j.7D;.E���:<j �I@~H �U\K^O@+?3=YZ%7�:�H
=<7�:l;KGIHb:u2 �
�"���%$ ��� � � ��� ��� � # � � � � �	% ����� �%�,�	% � � � � !�� # � ! ��� � � # !
{B9�Hbvbj �NyipL2 :<jK9��$7u=�2 E�J � r �4^3;K=<7MpL2 `$y �T:lj.?��D:P9�J �'&�7u=>7u\iHO��9�g�?3@�7
�hH>7u\KJ �4\.^�H<j.7 �_JL7�9
?�@X9�vu?3C[Z��KGUH<7�=�2)�T7u=>7V�Y7}v
?3C}Z �4\.7NH<j.7 �U\KE.;LH�: �U^$\K9�G�9�H)@+?$;.=�J � &�7u=>7u\iHDH �4CF7}:<j �U@~H>:
� �4\K:lH<7�9$J8?�@BH��/? ��93: �4\8H<j.7M?3= �4^ �4\K9�G�\.?3\�� =>7�v �4=bv
;.G_9�H �U\.^�vu?3C}Z8�KGUH<7u=�����7�93vbj�9�HN9�J �U@ �@+7u=>7u\iH�E%?i: �UH �4�37O9�\%J ��?$=Y\.7�^$9�H �4�37T^i9 �4\�2B¦ ?FJL?MH<j �4:��L�Y7 �4\K:l7�=lH/H<jK7 �4\.E.;.HT: �4^3\K93G �4\iH<?
9[JL7�G49�gFG �U\K7�9�\%JFH>93E �UH�9�H�H<jK=<7�7�J � &�7�=<7�\iH/E�? �4\iH>:��$H>j.7�@+?3;.=<H<j 	 H>93E 
 �_:XH>j.7P?3= �U^ �U\K93G �
;.\KJL7�G49�g$7�J�: �4^3\%9�G 2

AT:/9V��9�g}?3@ H<j �4\.� �U\K^}9�Z�?3;.H�H<jK7D@+=>7�ti;.7u\%v
gM=<7�:lE�?3\K:<7D?3@ 9O@+?3;K= � H>93E�v
?3C}ZF�KGUH<7u= �
�Y7�v
?$\K: �_JL7�=V�K=b:�HM�)jK9�HMjK9�EKE%7�\K:M�)j.7u\0H��/?�?3@DH<j.7�@+?3;.=M^$9 �U\%:[9�=>7�vuGU?i:l7�H<? k�7u=>?K2
¦�j.7u\��/7�7u\KJ ;.E�� �IH>j 9 : �4CMEKGU78\.?$\�� =<7�v �4=>vu;.G49�H �4\.^cvu?3C}Z �KGUH<7�=��/� �UH<j H<j.7�:<G �U^$j$H
v
?$CMEKG��_vu9�H �4?3\�H<jK9�HDH<j.7O^i9 �4\K:�?�@|H>j.7NH��Y?'JL7�G49�g$7�J�v
?$E �U7�:)C'9�g�Z�7[J � &�7�=<7�\$H�2X� @|H<j.7�g
9�=>7FZ%?3H<j¨?�@/H<j.7�:<93CM7': �U^$\ � �/7'^37uHNH<j.7�:>9�CF7FE�7�9��L:O93\KJ ��93GUG47ugL:V9$:NE.=>7�J �_v H>7�J �U\
]h7�v
H �4?3\0ph2 ` � ?3\KGUg8� �UH<jcH<j.7F��9�G4G47ugL:PZ%7uH��Y7�7u\ E�7�93�L:�E�?$:>: �UZ.G4g8Z�7 �4\.^�CM?$=<7M:lj%9�G4GU?��O2
� @)H<j.7�g 93=<7�?3E.E�?$: �IH>7 �4\ : �4^3\ ��H>j.7���9�G4G47ugL:OZ�7�v
?$CF7�E�7�9��L:}9�\KJ H>j.7�E�7�9��L:[Z%7�v
?3CF7
��9�G4GU7�gh:�2

�T7�E%7�\KJ �4\.^ ?3\ �)j �4vbj H��/?cHb9�EK:��Y78:<;.E.E�?$:<7�J��/7u=>7�\.?3\.k�7u=>? �YH<j.7 E%7�9��L:'9�\KJ
��9�G4GU7�gh:[9�=>7F:<EK9$v
7�J ZhgcJ �'&�7u=>7u\iH}93CM?$;.\iH>:���H<j.7�J.7uG_9�g8H �4CF7�:[93=<7'vbj.?i:l7�\0:l?�H>jK9�H}m
J � &�7�=<7�\$HOJL7�G49�g�H �UCF7�:Ov�9�\ 9�= �4:<7 �4\ H>j �_:���9�g � =b9�\K^ �4\.^�Z�7
H��/7u7u\¨m�9�\KJc`3y�C �4G4G��_:l7�v �
?3\KJK:u2}��\ H>j.7F^37u\K7u=b9�GBvu9$:l7 �U\ �)j �_vbj 93GUG�H>j.7'^$9 �U\K:N93=<7}\.?3\�� ku7�=<? � �Y7Fvu93\ �4C'9�^ �U\.7
H<j.7M@+=>7�ti;.7�\Kv
g�=>7�:<E%?$\K:l7[@+;.\Kv
H �4?3\ ��93=<g �4\.^�vu?3\iH �4\h;.?3;%:lG4g�Z%7uH��Y7�7u\cH<j.7�:l7M7
�hH<=>7uCF7�: �
^ �4� �U\.^�9�:<;Kvuvu7�:>: �4?3\8?3@Yv
?$CFE.G��_vu9�H<7�J8EK9�H<H<7�=<\K:�2O¦�j �_:TjK9$:DH>j.7M7 &�7�v HO?3@X=>9 �4: �U\K^�9�\KJ



� � ��� � �+����� � � � 
 Q�y$o

+~ 

delwrite~ G07−del 30

line~*~ 

line~*~ 

line~*~ 

line~*~ 

+ 1

mod 4

f  

random 1000

t f b

100

route 0 1 2 3

delread~ G07−del 30

phasor~ 80

delread~ G07−del 17

delread~ G07−del 11

* 4

expr 2 * $f1/1000 − 0.7

110

pack 0 0 200

frequency on/off
time constant
(msec)

|  
OUT

metro

r �4^3;.=>7Pph2 `3y !�A 	 :<jK93�37u= 
 �$9O@+?3;K= � H>93E�v
?$C[Z'�KGUH<7�=Y� �UH<j�=>93\KJL?$CMG4gM��93=<g �4\.^[^i9 �4\K:X?$\
H>j.7NH>93EK:u2



QL1�y ������� ��� � ��� ����� � 
 � � ����

GU?��/7u= �4\.^TH>j.7T93CMEKG��UH<;KJ.7�:X?3@%H>j.7DEK93=lH �493G4:|?3@%H>j.7 �4\Kv
?$C �U\.^V: �4^3\K93G �393GUG �U\KJ.7uE�7u\KJL7�\iH<G4g
?�@�H<j.7O?3H<j.7�=>:�� �U\89Fv
?$CFE.G��_vu9�H<7�J�E%9�HlH>7u=>\ �hH<?F^ �U�$7N9F:lH<7�93J �4GUg�H �4CF7 � ��93=<g �4\.^}H �4C[Z.=>732

¦�j.78= �4^3jiH � jK93\KJ : �_JL7�?�@PH<j.78E%9�H>vbj Hb9��37�:'vu93=<7�?�@OvbjK9�\K^ �4\.^ H>j.78^$9 �U\%:F?�@PH<j.7
�U\KE.;LH): �4^3\K93G%93\KJ �UH>:�H<j.=>7u7TH �4CF7 ��:lj �U@~H<7�J�vu?3E �47�:�2B��93vbjFH �UCF7�H<j.7�� � � �
�[?3ZL��7�v H��%=<7�: �
9�v
?$;.\iH<7�= �_: �4\Kv
=>7uCF7u\iH>7�J �~H>j.7 � � � � ��9�\KJ"� � � ��?3ZL��7�v Hb: �
2D¦�j �4:�v
?$\$H>=<?$G4:D�)j �4vbj
?�@ H>j.7�93CMEKG��UH<;KJ.7�:Y� �UG4G%Z�7�vbj%9�\.^$7�J 2|¦�j.7�93CFE.G��UH<;%JL7 �UH>:<7uGU@ �_:�v
?$CFE.;LH<7�J'ZhgFCF93� �U\.^
9F=>93\KJL?$Cª\h;.C[Z�7u=�9�\KJ�\.?$=<C'9�G �4k �4\.^ �IHTH<?'G �U7VZ�7
H��/7u7�\ � yK2RpM93\KJ 132 ` �U\8��9�G4;.7$2Y¦�j.7
=>93\KJL?$C ��9�G4;.7�93\KJPH<j.7 �U\%JL7
�O9�=>7BEK93vb�$7�J ��93GU?$\.^)� �UH<j[9�H>j �4=>JN��9�G4;.7 ��9)H �4CM7 �U\iH>7u=>��93G �
9�\KJ H>j �_:VH>= �4E.G47�^3?h7�:OH<?�H>j.7"�
��������?3ZL��7�v H�2�¦�jK7��K=b:�H}7uG47uCF7u\iH[?3@)H<j.7'H>= �4E.G47 �+H<j.7
v
?$;.\iH<7u=��):<7uG47�v
H>:��)j �4vbj ?3;LH>E.;LHTH>?�:<7u\KJ8H<j.7M?�H>j.7u=TH��Y?���93GU;.7�:DH>? � 93:P9'=>7�:<;.GUH���?3\.7
?�@�H<j.7N@+?$;.=DE�?$:>: �4Z.G47 ���������P?$ZL��7�v
H>:)^$7
Hb:)9}CF7�:<:>9�^$7TH>?'=>93CME�H<?'9M\.7�� ��9�G4;.7$2

� @VH<j.7cH �4CF7 ��9�= �_9�H �4?3\ �4:�JL?3\K7cti; �_vb�iG4g 7u\.?$;.^3j �DH<j.7�=<7 �4:�9�G_:l? 90CF?LJL;.G_9�H �4?3\
7 &�7�v
HD?3\�H<j.7O?$= �4^ �4\K93G�: �4^3\K93G � �4\�H<j �_:T: �IH>;K9�H �U?$\�H>j.7V:lH<=b9 �4^3jiH)G��4\.7V:<7u^3CF7�\$Hb:�;K:<7�J �U\
H<j �_:P7
�.9�CFE.G47}:<j.?$;.G4J�Z%7M=<7�E.G_93v
7�J8Zhg�CM?LJL;KG49�H �4\.^�: �4^3\K93G4:T� �IH>j CF?3=>7}vu?3\iH<=>?3G4G493Z.G47
@+=<7�ti;.7u\Kvug�v
?$\iH<7u\iH �L�Y7O� �4GUG =>7u� �_: �UH�H<j �_: �4\�H<j.7O\.7u�hHTvbjK9�ELH>7u=�2
�"���%$ � � � � � � # � � #�� !$%�#
{B9�Hbvbj �Ny$z.2 =<7��37u=>Z�2 E�J ��r �U^$;.=>7VpL2 `K1 �/:<j.?��D:)9': �4CFE.G47[9�=<H �U�%v �_9�G =>7u�$7u=>Z%7�=>9�H<?$=��h7�:>:<7u\��
H �_9�G4GUg 9 =<7�9�G �Uk�9�H �4?3\ ?�@PH<j.7�J.7�: �U^$\ :<j.?��)\ �U\ r �U^$;.=>7�pL2U1�fL2 r.?$;.=�JL7�G49�g G��4\.7�:'93=<7@+7�J Zig�H>j.7 �4\.E.;LHO9�\%J8Zhg�H>j.7 �4=N?��)\8=<7�v �4=>vu;.G_9�H<7�J�?3;LH>E.;LH�2N¦�jK7}JL7�G49�g�?3;.H<E.;LHb:�93=<7
�U\iH>7u=>C �U�L7�J ;K: �4\.^�=<?3H>9�H �4?3\�C'9�H>= �_v
7�: � ZK; �UGUHO;.Ec@+=<?$C 7uG47uCF7u\iH>93=<g�=>?�Hb9�H �4?3\%:T?3@ ����d
93: �4\8r �4^3;K=<7[ph241�`}EK93=lH ��9 � 2

¦�j.7�\.?3=>C'9�G �Uk �U\.^cC[;.GUH �4E.G �4v�9�H �U?$\ ��Zig � 1���Q�9�H'7�93vbj :�Hb9�^37 � �_:'9�Z%:l?$=<Z�7�J �4\iH<?
H<j.7�@+7u7�JLZK93vb�c^$9 �U\ �|�)j �_vbj¨H<jK7u=>7
@+?3=>7�v�9�\.\.?3HV7
�.v
7�7�J�1���QL28A/HF9�@+7u7�JLZK93vb� ^$9 �U\¨?3@
7
�.93v
H<G4g�1���Q �$9�G4G.H>j.7T7�\.7u=>^3gMG47�9�� �U\K^NH<j.7PJL7uG_9�g}G �4\.7�: �4:Y=>7 �4\K:l7�=lH>7�J �4\$H>?VH>j.7uC �L:l?VH<j.7
=<7��37�=<Z�7u=b9�H �U?$\�G49$:�Hb:�E%7�=<E�7
H>;K9�G4G4g32

r �4^3;K=<7�ph2 `$Q�:ljK?��D:TH>j.7 �U\iH>7u= �U?$=P?3@�H>j.7!��� �
��� � � �������'9�ZK:lH<=b93v
H �4?3\c;K:l7�J �4\cH<j.7
=<7��37�=<Z�7u=b9�H>?3=�2M¦�j.7FH��/? �U\KE.;LH>:[9�=>7MC �U�L7�J �+;K: �4\.^�H<j.7�:>9�CF7F=>?�H>9�H �4?3\ C'9�H<= �U�c9�\KJ
9�^i9 �4\�G47�9�� �4\.^FH<j.7[=<7�\.?3=>C'9�G �Uk�9�H �4?3\�@+?3=DG_9�H>7u=�� 2D©�\.7VvbjK93\.\.7uG �4:�H>j.7u\�J.7uG_9�g37�J�2Y¦�j.7
JL7uG_9�g�H �4CM7�:�93=<7V:<7uG47�v
H<7�J�H<?�^3=>?�� =>?3;.^$j.GUg�7
�LE�?3\.7�\iH �_9�G4GUg �%H<j �_:T7�\K:<;.=<7�:T9�:<CFCF?�H<j
9�\KJ�:<E.=<7�93J�� ?3;.H�E%9�HlH>7u=>\�?3@�7�vbj.?$:�2

5�9�\hg'7
�hH>7u\K: �U?$\K:/?�@�H>j �_: �4JL7�9}93=<7�E%?i:<: �4Z.GU7P?�@��)j �_vbj��/7 # GUG�?3\KGUg'\K93CF7P9[@+7u�O2B� H
�4:|\%9�H<;K=>93G ���%=>:lH��3H<?NE.;LHXG4?���� E%93:>: �%GIH>7u=b:B9�HBH<jK7)7u\KJ}?�@�H<j.7DJ.7uG_9�gVG��4\.7�: ��H>?OC �UC �_v/H<j.7
H�ghE �4v�9�G4GUg�@�9$:�H>7u=NJL7�v�9�g�?�@Yj �U^$j�@+=>7�ti;.7u\%v �47�:�H<jK93\ G4?��e?3\.7�:u2[� H �_:N9�G_:l?�v
?$CMCF?$\8H<?
;K:<7TCF?3=>7)H<j%9�\'@+?$;.=Y=>7�v �U=bv
;KG49�H �4\.^VJL7uG_9�gL:��i?3\K7T=>7u�37�=<Z�7u=b9�H>?3= �4\'H<jK7�{�J�J �4:lH<= �4Z.;LH �4?3\
;K:<7�:|: �U�hH<7�7u\�2|r �U\K93GUG4g � �IH �_:�vu?3CFCF?3\[H<?N9�G4GU?�� :<7uE%9�=b9�H<7/v
?$\$H>=<?$G$?3@KH>j.7)9�CFE.G �IH>;KJL7�:�?3@
H<j.7P7�93=<G4gM7�vbj.?i: ��j.7�93=>J�J �U=>7�v
H<G4g��Y9�\%JFH<jK9�H/?3@ H<j.7P=>7�v �4=bv
;.G_9�H �U\.^M: �4^3\%9�G �$EK93=>93CF7
H<7�=>:
:l;%vbj 9$:FH<j.7�:l7�93=<7�H<jK?3;.^$j$H'H>? v
?$\$H>=<?$G):l?$\ �4v8ti;K93G��UH �47�:'J.7�:>v
= �UZ�7�J�93: 	 E.=>7�:<7u\Kvu7�
 �	 ��9�=>CVH>j 
 � 	 vuG493= �UH�g 
 �h9�\KJ�:<?F?3\�2
�"���%$ � � . � !&� � !��)� � !�� #
{B9�Hbvbj �Ny$z.2 E �UH>vbjK:<j �U@~H�2 E�J � r �U^$;.=<70ph2 `3` �F:lj.?��D:�90=<7�9�G �Uk�9�H �U?$\ ?3@NH<j.7cE �IHbvbj�:lj �I@~H>7u=
JL7�:>v
= �4Z%7�J �4\�]h7�v H �U?$\ pL2 oK2 A JL7uG_9�g0G��4\.7 ��J.7
�K\.7�J�9�\KJ �)= �UHlH>7u\ 7uG_:l7��)j.7u=>7 �4\ H<j.7
EK9�Hbvbj � �_:X=>7�9$JF;K: �4\.^OH��/? ��� �T?3Z.��7�v Hb:u2B¦�j.7�JL7uG_9�gVH �UCF7�:Y��9�=>g[Z�7
H��/7u7�\�9OC �U\ �UC};.C



� � ��� � �+����� � � � 
 QL1$1

inlet~

reverb−echo echo−del1 5.43216

+~ +~ 

outlet~ outlet~

+~ +~ −~ −~ 

+~ +~ −~ −~ 

inlet/ 200

min 100

max 0

delwrite~ loop−del1 60

delwrite~ loop−del2 71.9345

delwrite~ loop−del4 95.945

delread~ loop−del1 60

delread~ loop−del2 71.9345

delread~ loop−del4 95.945

delread~ loop−del3 86.7545

delwrite~ loop−del3 86.7545

reverb−echo echo−del2 8.45346

reverb−echo echo−del3 13.4367

reverb−echo echo−del4 21.5463

reverb−echo echo−del5 34.3876

reverb−echo echo−del6 55.5437

"early echo" generators, which also increase echo density.

Get the outputs of the recirculating

Do a power−conserving

...then (1,3) and (2,4)

Put the signals back into

the recirculating delays.

Tap outputs from here.

of 0−100 controls reverb

time.

feedback gain on a scale

*~ *~ *~ *~ 

 First combine (1,2) and

delays. Add the inputs to two of them.

mix of them in pairs.

(3,4)...
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outlet~ outlet~
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delwrite~ $1 $2

delread~ $1 $2
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0  

*~ 

line~

0  

pack 0 200

r window

r transpose

exp

0

/  

* 0.001

line~

pack 0 200

0  

r delay

+~ 

cos~

*~ 

+~ 

wrap~

*~ 

+~ 

cos~

*~ 

t b f

0 +~ 0.5

−~ 0.5

*~ 0.5

−~ 0.5

*~ 0.5

− 1

* 0.05776

* −1

<−− transposition
(halftones)

speed
change

tape head

phasor~ max 1.5

delay

(msec)

max 1

rotation freq

|  
OUT

<−−window

(msec)

vd~ G09−del
vd~ G09−del
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