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[57] ABSTRACT 
A muscial sequencer for producing control voltages is 
disclosed together with an electronic device for pro 
ducing music controlled by the electronic voltages. 
The electronic device disclosed ‘includes a voltage 
controlled oscillator, a pair of voltage controlled am‘ 
pli?ers and a speaker normally actuated by a key 
board. The electronic device is electrically and me 
chanically adapted to be controlled by the musical se 
quencer. The musical sequencer consists of three re 
write memories and control circuitry therefor. 

11 Claims, 2 Drawing Figures 
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MUSICAL SEQUENCER 

FIELD OF THE INVENTION 

This invention relates to a musical sequencer and 
particularly to a digitally controlled musical sequencer. 

BACKGROUND OF THE INVENTION 

Electronic equipment which produces music has 
been known for a long period of time. Public address 
systems amplify music, radios transmit and reproduce 
music at great distances, while recording equipment 
stores and plays back music at a later time. 

Electronic circuitry is now well known which synthe 
sizes wave forms for the reproduction of music. Some 
circuitry is known which randomly actuates an elec 
tronic synthesizer to produce the so-called machine 
generated music. 

Presently existing equipment for driving electronic 
synthesizers, however, are not capable of recording 
music as it is being played by an individual on the syn 
thesizer. The presently available machines further are 
not capable of taking such recorded music and playing 
it back in accordance with predetermined manipula 
tions or randomly. 
Therefore, it is an object of this invention to provide 

a new and improved musical sequencer. 
It is a further object of this invention to provide a new 

and improved musical sequencer which can record mu 
sical sequencers in real time while the operator thereof 
is listening to the music. 

It is yet another object of this invention to provide a 
musical sequencer which can manipulate stored musi 
cal sequencers in accordance with desired algorithms. 

BRIEF DESCRIPTION OF THE INVENTION 

With these and other objects in view the present in 
vention contemplates a musical sequencer for provid 
ing drive signals to a voltage controlled musical device. 
The musical sequencer includes a ?rst memory which 
is rendered effective by an address signal and respon 
sive to a store signal for storing information signals ap~ 
plied to the input in an address location therein depen 
dent upon the address signal. The ?rst memory is fur 
ther responsive to a resignal for providing the informa 
tion signal stored in the address location therein depen 
dent upon the address signal at an output. Circuitry is 
provided for applying an address signal to the ?rst 
memory. The store signal to the ?rst memory and cir 
cuitry which is responsive to the store signal for provid 
ing the read signal to the ?rst memory a predetermined 
time interval after the occurrence of the store signal. In 
this way musical sequencers being stored in the ?rst 
memory can be applied to the voltage controlled musi 
cal device so that the person programming the ?rst 
memory can hear the music that is being stored therein. 

The musical sequencer has additional circuitry 
therein which increments the address signal being ap 
plied to the memory each time the store signal is ap 
plied thereto. 

In the preferred embodiment of this invention, the 
musical sequencer has a second memory located 
therein, a clock signal generator and a counter. The 
counter counts the clock signals from the clock signal 
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2 
generator for providing rhythm information which is 
stored in the second memory. 
The preferred embodiment of this invention has addi 

tional circuitry therein so that the information stored in 
the ?rst memory can be read out to drive the voltage 
controlled musical device in predetermined sequences 
or at random. 

DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the invention, 
reference should be made to the following detailed de 
scription of the invention and drawings in which: 
FIG. 1 is a schematic block diagram of an electronic 

musical device modi?ed in accordance with the teach 
ings of this invention to be adaptable to a musical se 
quencer of this invention; and 

FIG. 2 is a schematic block diagram of a musical se 
quencer constructed in accordance with the teachings 
of this invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Referring now to FIG. 1 we see an electronic synthe 
sizer 10 modi?ed to be compatible with a sequencer 
constructed in accordance with the teachings of this in 
vention. The‘synthesizer 10 shown in FIG. I has only 
a limited circuitry therein suf?cient to explain the func 
tioning of the sequencer of FIG. 2. Of course, it should 
be understood that synthesizers which are commer 
cially practical are substantially more complicated that 
the synthesizer 10, having various additional tracks, 
components and switches for additional interconnec 
tion. 

The synthesizer 10 includes a keyboard II which 
provides an analog voltage on a lead 12 each time a key 
(not shown) on the keyboard 11 is depressed. The 
value of the analog voltage appearing on the lead 12 is 
dependent upon which key of the keyboard 11 is de 
pressed. Each time a key on the keyboard 11 is de 
pressed, a pulse is supplied on the lead 13 which is used 
for timing purposes. Therefore, the signal on the lead 
12 is indicative of the tone which the player of the syn 
thesizers desire while the timing of the pulse on the lead 
13 indicates the time which the player desires the tone 
to be played. The signal on the lead 12 is passed by a 
normally conducting jack 14 to a lead 16 which applies 
the voltage to a voltage controlled oscillator 17. The 
voltage controlled oscillator 17 provides a signal on a 
lead I8 having a frequency dependent upon the signal 
supplied to the voltage controlled oscillator 17 on the 
lead 16. The amplitude of the signal, however, on a 
lead 18 is constant. The signal on the lead 18 is passed 
through a voltage controlled ampli?er 19 which passes 
the signal on the lead 18 as modi?ed by a signal applied 
to the voltage controlled ampli?er 19 on a lead 21. 
The timing pulse provided on the lead 13 is passed by 

a normally conducting jack 22 and a lead 23 to trigger 
a one-shot multivibrator 24. The one-shot multivibra 
tor provides a square wave on a lead 26, the edges of 
which are shaped by a circuit including a variable resis 
tor 27 and a capacitor 28. The lead 21 is connected to 
the junction of the variable resistor 27 and the capaci 
tor 28 so that the square wave having the shaped edges 
is applied to the voltage controlled ampli?er 19. There 
fore, it can be seen that each time a key is depressed 
on the keyboard 11, a tone is provided by the voltage 
controlled oscillator 17 in accordance with the particu 
lar key depress while the voltage controlled ampli?er 
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is supplied a single cycle of a half square wave having 
shaped edges at that time thereby passing a shaped tone 
therethrough providing such a signal on a lead 29. The 
variable resistor 27 is a front panel control on the syn 
thesizer l0 controlling the attack of the tone alter» 
nately produced. The signal on the lead 29 is passed 
through a voltage controlled ampli?er 31, the gain of 
which is controlled by the setting of a variable resistor 
32. The signal from the variable resistor 32 connected 
between a source of potential and ground is provided 
to the voltage controlled ampli?er by the leads 33 and 
34 and a normally conducting jack 36. The signal pro 
vided by the voltage controlled ampli?er 31 on a lead 
37 actuates a speaker 38 for producing music in re 
sponse to the keyboard 11. 
The jacks 14, 22 and 36 are provided in the synthe 

sizer 10 so that the circuits can be interrupted and ex 
ternal circuitry connected in. Therefore, mating por 
tions for the jacks 14, 22 and 36 are 14a, 22a and 36a 
which render the jacks 14, 22 and 36 nonconducting by 
pushing the backs thereof away and connecting the 
leads attached to the jacks 14, 22 and 36 to indepen 
dent leads which are then connected to other circuitry. 
Therefore. when the jack 14a is mated with the jack 14, 
a lead 39 is connected to the lead 16 while a lead 41 
is connected to the lead 12. In a like manner, the jacks 
22a and 22 connect a lead 42 to the lead 13 and a lead 
43 to the lead 23 and the jacks 36a and 36 connect the 
lead 33 to a lead 44 and the lead 34 to a lead 46. It 
should of course be understood that with these connec 
tions the leads 12 and 16, 23 and 26 and 33 and 34, re 
spectively, are no longer electrically connected. 
Referring now to FIGS. 1 and 2 together we see that 

when a key on the keyboard 11 is depressed. an analog 
voltage representing that key is passed by the lead '12, 
the jacks 14a and 14, the lead 41 to a terminal of a 
switch 47. With the switch 47 in the position shown. the 
analog voltage is passed therefrom by a lead 48 to an 
analog-to-digital converter 49. In a like manner, the 
timing signal provided on the lead 13 by the keyboard 
11 is passed by the combination of the jacks 22a and 
22 to the lead 42 and then by leads 5], 52, 53 and 54 
to actuate the analog-to-digital converter 49. There 
upon the analog-to-digital converter 49 converts the 
analog signal provided on the lead 48 to a digital signal 
which is passed by the closed switch 56 to be stored in 
a location of a read/write memory 57 determined by a 
signal applied thereto on a plurality of leads designated 
58. The signal on the leads S8 is supplied by an address 
register 59. 
The timing signal supplied by the keyboard 11 to lead 

42 is also applied thereby to a delay element 61. The 
delay element 61 could be a delay line or a digital delay 
device such as a shift register. The output of the delay 
element is passed by leads 62 and 63 to the read/write 
memory 57. The application of the delayed pulse from 
the delay element 61 to the read/write memory 57 in 
terrogates the read/write memory 57 to provide the in 
formation stored therein at locations determined by the 
address register 59 on a set of output leads 64 in digital 
form. A digital-to-analog converter 66 converts the sig 
nals applied thereto to analog form and applies it to the 
lead 39. The lead 39 being connected to the lead 16 ap 
plies the analog voltage to the voltage controlled oscil 
lator 17 in the synthesizer 10. 
An And gate 67 which normally has an enabling sig 

nal applied at one input thereof by a signal on a lead 68 
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4 
passes the pulse from the delay. element 6] to the lead 
43 and from there to the lead 23 in the synthesizer 10 
thus ?ring the one shot 24. Therefore. it can be seen 
that the equipment above described enables a signal to 
be stored in the memory 57 indicating which key of the 
keyboard 11 had been depressed but at the same time 
energizes the synthesizer 10 to play the note as though 
the equipment shown in FIG. 2 were not present. It 
should be noted that the note played by the synthesizer 
10 is not a direct result of the key being depressed in 
the keyboard 11 but rather is resultant from the infor 
mation having just been written into the read/write 
memory 57. Therefore if the wrong information had 
been stored in the read/write memory 57, the wrong 
note would have been played by the sequencer 10. This 
insures that the user of the equipment knows whether 
or not the appropriate information is being stored in 
the memory 57. 

It should be noted that the voltage applied to the volt 
age controlled ampli?er is similarly being recorded and 
stored in a second read/write memory 69 which is 
driven by an analog-to-digital converter 71 and is con 
trolled by the same signals as is the read/write memory 
57. In this way the setting of the pot 32 on the synthe 
sizer 10 is recorded in the read/write memory 69 at a 
corresponding location to the key or tone information 
stored in the read/write memory 57 so that when the 
read/write memories 57 and 69 are read out. the appro 
priate amplitude as well as frequency of tone is pro 
vided by the sequencer 10. It should be noted that the 
switch 47 or a corresponding switch 72 could be ma 
nipulated so that the information being stored in the 
read/write memories 57 and 69 are controlled by the 
potentiometer 73 and 74 on the sequencer rather than 
the keyboard 11 or the potentiometer 32 in the synthe 
sizer 10. It should be further noted that if the jacks 36 
and 36a were not engaged. the amplitude provided by 
the synthesizer 20 would be controlled by the potenti 
ometer 32 but that the information therefrom would 
not be stored in the read/write memory 69. Further, 
upon playback the information from the read/write 
memory 57 would control the voltage controlled oscil 
lator 17 but the potentiometer 32 could be used to con~ 
trol the amplitude of the voltage controlled ampli?er 
31. It is of course obvious that the various jacks can be 
individually plugged in and controlled so that for exam— 
ple, information can be stored in the read/write mem 
ory 57 by the keyboard by plugging the jack 14a into 
the jack 14 without recording in the read/write memory 
69. This would be accomplished by opening up a switch 
76. After the information were stored in the read/write 
memory 57, the switch 56 could be opened and the 
switch 76 closed, the jack 14a removed from the jack 
l4 and the jack 36a substituted therefor so that then 
the keyboard 11 could be used to write in the rear/write 
memory 69. In this way, information could be indepen 
dently put into the two memory channels 57 and 69. 

It, of course, now becomes quite clear that tremen 
dous ?exibility is provided by the structure thus far de 
scribed. It should be further noted that other parame 
ters of the synthesizer 10 can be controlled by the se 
quencer of FIG. 2. 
Two important functions remain for the sequencer of 

FIG. 2 to perform. One is to control the timing of sig 
nals provided on the leads 39 and 46 while the second 
is to control the memory locations addressed by the 
register 59. The timing information is stored and con 
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trolled in a third channel associated with a third read/ 
write memory 77 while the addressing function per 
formed by the address register 59 is controlled by cir 
cuitry designated generally 78. 
The address register 59 is normally advanced one lo 

cation each time a pulse is applied to the lead 42 during 
the writing operation. The pulse applied to the lead 42 
is passed by the lead 51 to a lead 79 which enables 
three And gates 81, 82 and 83. The And gate 83 is nor 
mally disabled until a switch 84 is closed. An inverting 
ampli?er 86 inverts the signal applied to the And gate 
83 so that appropriate signals are applied to the And 
gates 81 and 82 to enable them. The And gates 81 and 
82 are driven at their third inputs by a lead from a flip~ 
flop 87. The signals applied to the And gates 81 and 82 
are compliments of each other so that only one of these 
And gates can pass signals at a particular time. The 
And gates 81 and 82 drive up and down inputs to the 
address register 50 so that depending upon which of the 
And gates 81 or 82 is enabled by the ?ip-?op 87, the 
address register 59 will advance in either an up or a 
down direction each time a pulse is applied by the lead 
79 to the And gates 81 and 82. Therefore, it can be 
seen that each time information is applied to the A to 
D converters 49 and 71 in response to the actuation of 
the keyboard 11, the address register 59 will advance 
to a new location. In order to recover the information 
stored in the read/write memory 57 and 69 at a later 
time in a playback mode, the switches 56 and 76 are 
open while a switch 88 is thrown to connect the Wiper 
arm to a lower contact shown in FIG. 2 connecting a 
clock source 89 to the leads 51, 52 and 79. The clock 
source 89 would then provide periodic timing signals to 
advance the address register 59 and would also provide 
a signal to the delay element 61 which would read out 
the read/write memories 57 and 69 and provide a tim 
ing signal via lead 43 to synthesizer 10. Therefore, the 
timing as well as amplitude and frequency signals 
would be applied to the synthesizer 10 to control the 
synthesizer for playing the information stored in the 
memories 57 and 69. It should of course be appreciated 
that this would provide only evenly spaced notes rather 
than any sort of rhythm. 
When all the notes are played from the read/write 

memory 57 and the next memory location is reached, 
a predetermined coded piece of information is pro 
vided by the read/write memory 57 on a lead 64. It 
should be noted that this information can either be 
written into all the memory cells or the end of the 
music can be specifically written into the read/write 
memory 57 by providing either a digitally coded signal 
directly thereto or providing a speci?c analog voltage 
to the lead 48. When the predetermined coded signal 
is supplied on the lead 64 a decode circuit 88 provides 
a signal to an Or gate 89. The Or gate 89 provides a sig 
nail on a lead 91 which either resets the address register 
59 or compliments the flip-flop 87 in accordance with 
the position of a switch 92. If the address register 59 is 
reset, the same musical sequence is repeated when the 
next series of clock pulses is provided by the clock 
source 89. If the switch 92 is located in a position to 
compliment the ?ip-flop 87, the one of the And gates 
81 or 82 which is advancing the addressregister 59 is 
disabled and the other is enabled so that the address 
register now advances in its reverse direction. There 
fore, in this condition the sequence of musical notes is 
played in reverse. When the decode circuit 88 provides 
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6 
its pulse to the Or gate 89 it also provides a signal on 
a lead 93 which is inverted by'an inverting ampli?er 94 
for disabling And gate 67. Therefore, the timing pulse 
provided by the delay element 61 is not provided for 
this time interval so that the end of code coding infor 
mation provided by the read/write memory 57 is not 
played by the synthesizer 10. 
When the address register gets to its zero position, a 

second decode circuit 96 provides pulse to the Or gate 
89 to again either compliment the ?ip-?op 87 or reset 
the address 59. Normally the decode circuit 89 decodes 
the zero position from the address register 59 so that 
the resetting thereof is a redundant operation. How 
ever, when the switch 92 is in the position as shown the 
pulse from the decode circuit 96 compliments the flip 
flop 87 so that the musical sequence is again played in 
its original direction when the flip~flop 87 is compli 
mented. Therefore, it can be seen that the decode cir 
cuits 88 and 96 periodically reverse the flip-flop 87 
when the switch 92 is in a position as shown so that the 
musical sequencer stored in the memories 57 and 69 
are played back and forth repeatedly. When the switch 
92 is in a position not shown, the decode circuit 88 re 
sets the address register to zero when the end of the se 
quence of music is reached so that the sequence is 
played in its predetermined direction repeatedly. In this 
mode, the decode circuit 96 is redundant. 
An additional mode of control for the address regis 

ter 59 can be provided by throwing the switch 84 to its 
closed position. When the switch 84 is in its closed po 
sition, the inverting amplifier 86 disables both of the 
And gates 81 and 82 while the closing of the switch 84 
enables the And gate 83 to pass the timing pulse pro 
vided on the lead 79. Therefore, each time the timing 
pulse appears on the lead 79, the And gate 83 enables 
an And gate 97 to transfer information in a counter 98 
directly to the address register 59. It should of course 
be appreciated that the And gate 97 is representative 
of a plurality of And gates as are other leads and gates 
which pass signals and multibit binary forms. The 
counter 98 is driven by a clock source 99. The clock 
source 99, for example, provides pulses at a rate of 1 
million per second where the normal timing of the 
pulses on the lead 79 is in the range of about ten per 
second. Therefore, it can be seen that the particular 
number at which the counter 98 will be when a pulse 
appears on the lead 79 is arbitrary so that the numbers 
passed by the And gate 97 from the counter 98 to the 
address register 59 will be random. In this mode there 
fore the information stored in the memories 57 and 69 
will be randomly applied to the sequencer 10. It should 
be appreciated that in this mode the music played by 
the sequencer 10 will have the same density of notes 
and amplitudes stored in the read/write memories 57 
and 69 but the sequence of playing these notes will be 
random. This is different, of course, than the random 
selection of all notes. 
As mentioned above, the read/write memory 57 can 

be employed to control the timing of-the signals sup 
plied by the read/write memories 57 and 69. In this re 
gard during the recording mode when the keyboard 11 
is employed to insert information signals into the read/ 
write memories 57 and 69, the switch 88 is left in the 
position as shown while a switch 101 is left as shown 
also in FIG. 2. With the switches in this position when 
a timing signal is supplied by the keyboard 11 ulti 
mately onto lead 42, 51 and 52 the currents of the tim 
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ing signal reset the counter 102 and transfers whatever 
signal is present in the counter 102 at that time through 
an And gate 103, lead 104 and And gate 105 to the Or 
gate 106 which applies it to the read/write memory 57 
at the location determined by the address register 59. 
The clock source 79 then advances the counter 102 at 
a predetermined rate so that upon the next occurrence 
of a pulse provided by the keyboard 11, the number 
contained in the counter 102 is dependent upon the in 
terval between which keys were depressed on the key 
board 11. At this time. the number contained in the 
counter 102 is again transferred into the position of the 
read/write memory 77 determined by the address regis 
ter 59. Therefore. the interval between the depressions 
of keys on the keyboard 11 is stored in the read/write 
memory 77 at a position related to the position in the 
read/write memories 57 and 69 that the particular in 
formation connected with depression of such keys is 
located. 
To employ the information contained in the read/ 

write memory 77 on playback, the switch 88 is put to 
its upper position so that the timing for the system is 
supplied on a lead 107. The lead 101 is put to its upper 
position enabling an And gate 108 while a switch 109 
is opened so that new information is not transferred to 
the read/write memory 77. In this mode the clock 
source 89 advances the counter 102 until a predeter 
mined number determined by the decode circuit 111 is 
reached. When this number is reached, the decode cir 
cuit 11] supplies a pulse on the lead 107 which is now 
the basic system timing which advances the address 
register 59 and is delayed by delay element 61 to pro 
vide a read pulse on lead 62 and 63 and an output pulse 
on the lead 43. 
When the read pulse is applied to the read/write 

memory 77 the number stored therein is passed by And 
gate 108 to the counter 102 so that the counter 102 is 
not preset to the value determined by the information 
in the read/write memory 77. The clock source 89 
again counts the counter 102 until the predetermined 
number determined by the decode circuit 111 is 
reached. Therefore it can be seen that since the interval 
between pulses from the clock source 89 is constant, 
the timing between pulses provided by the decode cir 
cuit 111 will be determined by the information stored 
in the read/write memory 77. In this way it is clear that 
the read/write memory 77 in this mode of operation de 
termines the rhythm or timing of the music played by 
the synthesizer 10. 
Of course, the potentiometer 112 can be used in 

other modes of operation in connection with switch 
113, analog-to-digital converter 114 to provide other 
information through the And gate 116, Or gate 106, 
switch 109 to the read/write memory 77. The digital-to 
analog converter 117 can also be employed to provide 
analog signals for operation of other functions in the 
synthesizer 10. 
From the above, it should be clear that the sequencer 

shown in FIG. 2 can be employed in numerous modes 
by the manipulation of switches provided therein to 
provide a device which can be of wide application 
when used in connection with a synthesizer. 

It is of course understood that numerous changes can 
be made in the details of the sequencer of FIG. 2 with 
out departing from the spirit or scope of this invention. 
For example. the functions performed by all of the ana 
log-to-digital converters and digital-to-analog convert 
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8 
ers can be performed by one analog-to-digital con 
verter which is appropriately time shared by well 
known techniques. 

It should of course be understood that while this in 
vention has been described with respect to particular 
embodiments thereof, numerous others will become 
obvious to those of ordinary skill in the art in light 
thereof. 
What is claimed is: ‘ 
1. In combination: a musical sequencer including: 
a ?rst memory having an input and an output; said 

?rst memory being rendered effective by an ad 
dress signal and responsive to a store signal for 
storing information signals applied to said input in 
an address location therein dependent upon said 
address signal; said ?rst memory being further re 
sponsive to a read signal for providing said infor 
mation signals stored in said address location 
therein dependent upon said address signal at said 
output; 

?rst means for providing said address signal to said 
?rst memory; 

second means for applying said store signal to said 
?rst memory; and 1 

third means responsive to said store signal for provid 
ing said read signal to said ?rst memory a predeter 
mined time interval thereafter, and 

a voltage controlled musical device responsive to said 
information signals at said output of said ?rst mem 
ory for providing tones in accordance therewith; 
said voltage device having a means for providing 
said information signals to said input of said first 
memory. 

2. The combination as de?ned in claim 1 in which 
said ?rst means is responsive to said store signal for 
changing said address signal applied to said memory. 

3. The combination as de?ned in claim 2 also includ 
ing fourth means for rendering said second means inop 
erative. 

4. The combination as defined in claim 3 also includ 
ing: 
?fth means responsive to predetermined information 
being provided at said output for resetting said first 
means to provide a predetermined address signal. 

5. The combination as de?ned in claim 3 in which 
said ?rst means is normally responsive to said store sig 
nal for changing said address signal in a ?rst sense, said 
musical sequencer also including: 

?fth means responsive to predetermined information 
being provided at said output for enabling said first 
means to change said address signal in a second 
sense in response to said store signal. 

6. The combination as de?ned in claim 3 in which 
said store signal changes said address signal randomly. 

7. The combination as de?ned in claim 2 also includ 
ing: 
a second memory having an input and an output; said 
second memory being rendered effective by said 
address signal and responsive to said store signal 
for storing information signals applied to said input 
thereof in an address location therein dependent 
upon said address signal; said second memory 
being further responsive to a read signal for provid 
ing said information signals stored in said address 



3,821,712 
location therein dependent upon said address sig 
nal at said output thereof; 

fourth means for applying said address signal to said 
second memory; 

?fth means for applying said store signal to said sec 
ond memory; 

sixth means responsive to said store signal for provid 
ing said read signal to said second memory a prede 
termined time interval thereafter; 

seventh means for providing a clock signal; and 
a counter for counting said clock signal to provide 

said information signal to said input thereof. 
8. The combination as de?ned in claim 7 also includ 

ing eighth means for rendering said second means inop 
erative. 

9. The combination as de?ned in claim 8 also includ 
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10 
ing: 
ninth means responsive to predetermined informa 

tion being provided at said output for resetting said 
?rst means to provide a predetemiined address sig 
nal. 

10. The combination as de?ned in claim 8 in which 
said ?rst means is normally responsive to said store sig 
nal for changing said address signal in a ?rst sense, said 
musical sequencer also including: 
ninth means responsive to predetermined informa 

tion being provided at said output for enabling said 
?rst means to change said address signal in a sec 
ond sense in response to said store signal. 

11. The combination as de?ned in claim 8 in which 
said store signal changes said address signal randomly. 

* 1: =0: 4: 4: 
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