Getting to Know Your Klee Sequencer
Quite possibly, the first question you may have is: What is a Klee Sequencer?

We’re glad you asked. It’s a fairly short answer that is best understood through a fairly
lengthy explanation. We’ll try not to make it too lengthy.

A Klee sequencer is merely a variant of the standard step sequencer. It differs in one
more-or-less minor detail: where a standard step sequencer sequentially addresses a row
of controls, one control at a time to produce a stepped voltage pattern the Klee sequencer
will address a row of controls any number of controls at a time to produce a stepped
voltage pattern.

After that explanation, you may be thinking “Whoa....wait a minute. Say what? What do
you mean ““any number of controls” — you lost me.” If that’s the case, you certainly are
not alone. Perhaps a more direct and simplistic answer may go along the lines of “You
know how on your step sequencer, you have one light that runs across the display? Well,
the Klee can have more than one light that runs across its display”.

To operate a Klee sequencer, it’s not necessary to know all of the information contained
in this section. In a way, studying this almost runs counter to the philosophy of the Klee
Sequencer. At the same time, for most people, it can be frustrating experience to have a
new instrument, but no clue as to what it actually does. And, truthfully, gleaning any
amount of information here may well lead you to getting the most out of your Klee
Sequencer.

So, if you want to know what makes a Klee Sequencer tick, read on. Be sure to pause
here and there, flip some switches and turn some knobs and enjoy yourself with the Klee
Sequencer.

The Klee Pattern Exposed

A Klee Sequencer is a step sequencer at heart, but with that all important twist of being
able to select more than one step (or “stage” in Klee parlance) at a time. To wrap your
head and around why this makes such a difference, a brief review of how a standard step
sequencer works is in order. Even if you are already familiar with the function of the step
sequencer, it is recommended that you follow the review — certain points are made
concerning what differentiates the Klee Sequencer from a standard step sequencer.

A step sequencer is a device that produces a number of voltage steps by programming a
row of potentiometers with the desired step intervals, and then selecting each step
sequentially, one by one, to produce a voltage output. Usually, a step sequencer may
have a row of eight potentiometers or a row of sixteen potentiometers or even more,
depending on the model of step sequencer you have. Usually, above each potentiometer
in this row is an LED. So, we have a row of LEDs above our row of potentiometers, one
LED per potentiometer. Only one of these LEDs can be illuminated at any given time,
and there will always be one of them illuminated.
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Figure 1: A simple step sequencer

Figure 1 depicts a simple step sequencer. Note that the LED over Step 1 is illuminated in
red. When the step sequencer is clocked, the position of the illuminated LED will shift
sequentially with each clock pulse, usually moving from left to right across the row of
LEDs, as illustrated in Figure 2.
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Figure 2: Clock pulse shifting active step from Step 1 to Step 2.

As each LED lights up, the sequencer will send the voltage programmed by the pot
directly below the illuminated LED out of the voltage output connector of the sequencer.
Of course, this voltage can be used to control any parameter in a voltage controlled
synthesizer — it can control filter cutoff or VCO frequency or any number of other
parameters. Let’s, for the sake of example, say our sequencer is controlling a VCO.

And, for brevity, let’s say our sequencer is an eight step sequencer — in other words, it has
a row of eight potentiometers with a row of eight LEDs above it, as in Figures 1 and 2.
And, finally, let’s say we want to tune our VCO to play an eight note ditty with our
sequencer. How about the note sequence “ABACABAC”?

To program your eight step sequencer, you would first plug the voltage output of the
sequencer into the V/Oct input of the VCO. Then you would illuminate the first LED



above the first pot and tune the VCO to “A” using the first pot. Which “A” you may ask
slyly, “high A”, “low A”? — that’s up to you — it’s your tune!

Once the VCO is producing our “A” pitch, we move the illuminated LED one step to the
right, so now it is above the second pot in the row. Because the illuminated LED is
above our second pot, the step sequencer is now putting out the voltage set by adjusting
the second pot in the row, so we tune that second pot for our second note, which is “B”.
And so forth and so on until all eight of the pots are tuned from left to right
“ABACABAC”.
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Figure 3: Sequencer tuned to play “ABACABAC”

Now, we start clocking the step sequencer by feeding it a clock signal. Each time the
clock signal goes from low to high, our illuminated LED shifts right. When it reaches the
end, at step eight, the LED will jump back to the first step and repeat the “ABACABAC”
sequence again — repeatedly - for as long as you can stand to listen to it.
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Figure 4: Snapshot of running sequence — Step 4 is selected, which tunes VCO to C



You have now created a rhythmic backdrop of notes upon which you can build your next
great composition. “ABACABACABACABACABACABACABACABAC...” The
pitch of each step is tuned with the pots, and the tempo is determined by how fast your
clock signal is running. The row of LEDs indicates which pot or ‘note’ is active at any
given time.

Now, before moving on to the Klee, let’s just analyze exactly what is happening with our
step sequencer — how it is really performing its task.

First of all, let’s look at what happens when we tune a pot for a certain pitch. In a one
volt per octave system, it takes only one twelfth of one volt to move the pitch of an
oscillator one half step. Let’s just say that our resting pitch of the VCO is already at the
note “A”. That means we don’t have to apply any additional voltage to get the VCO to
A, so our first pot is set for OV.

Our second note is B. B is one full step, or two half steps, above A. So the second pot
now must be tuned two half steps above the first pot — two half steps is two twelfths of a
volt or one sixth of a volt, so pot number 2 is tuned to one sixth of a volt ( 0.167 Volts,
rounded off).

The third pot tunes the VCO to A again, so it’s set for O0V. The fourth pot is tuned for C,
which is three half steps above A, which is three twelfths of a volt or one fourth of a volt
(0.25 Volts), so the fourth pot is adjusted to send out 0.25V. The same voltage rules
apply for the rest of our pots. So, when our happy little LED steps from left to right, the
voltage on the output of the sequencer is thus:

OV 0.167V 0V 0.25V 0V 0.167V 0V 0.25V

..over and over again.
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Figure 5: Programmed voltages corresponding to ABACABAC

Don’t worry, you really don’t have to know what each voltage is when operating a Klee
sequencer no more than you need to know it when operating a standard step sequencer.
We’re just going through this exercise in order to understand what it is the Klee does.



Now, let’s set our voltages aside a second and look at our illuminated LED. As our
illuminated LED glides from left to right, it’s obvious that, at any given time, only one
LED is lit. So, our LED can only select one pot at any time. Thus, our output voltage
will always be one of the voltages selected on one of our programming pots.

We’re getting very close to exactly what it is makes a Klee sequencer a Klee sequencer,
but first, we’re going to introduce a term with which you most likely are already familiar
with — that term is “Shift Register”.

Picture a row of eight binary digits — this is our register. Being binary numbers, each
digit can only be a “1” (meaning “on”) or “0” (meaning “off”). Our example register
represents our eight LEDs in our example step sequencer. The left-most digit is step one,
and the right-most digit is step eight:

10000000

Notice that our left-most digit, representing step one, is a “1” and the rest of the digits are

“0”. This means that step one is on, and our sequencer is putting out our first note, which
is “A”.

A shift register is a special type of register that can shift its contents either left or right.
In our case, we always shift our contents right (some step sequencers can shift left or
“reverse”, but that’s beside the point here). When a clock pulse causes our illuminated
LED to move from step one to step two, it’s doing exactly what a shift register would do.
In this case, our shift register now looks like this:

01000000

You see our “1” shifted one step right. Now step 2 is on, and all of the other steps are
off. The next clock pulse again causes our illuminated LED to move another step
towards the right, selecting step three on our sequencer. Now our shift register can be
represented as follows:

00100000
0 0 1 0 0 0 0 0
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Figu-re 6: “001d0000” repfesented on- Sequencef LEDs
This continues until our illuminated LED is lighting up step 8:

00000001



After step 8, instead of our LED just dropping off into the void, it merely wraps around to
the beginning, and we are back to:

10000000
So, it can be said that our standard sequencer operates using a shift register containing a
one active bit pattern to select which of the eight steps is active. In fact, any standard

step sequencer works off of a shift register with one active bit.

So finally, here it is: The Klee sequencer operates off of a shift register that can have
more than one active bit in the register.

So what, that’s it? That’s the difference?

Yes, in a nutshell, that’s it. Your Klee Sequencer is capable of having in its shift register
this pattern:

10001000
Or this:
10100010
Or even this:
10110010
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Figure 7: Klee Pattern*10110010 represented on Klee Sequencer LEDs
In this manual, we call these patterns “Klee patterns”. In fact, the Klee pattern can be as
long as 16 bits, such as this:
1010001010001000

Because a Klee pattern can be as many as 16 bits long, there are 65,536 different
combinations of bits that can be programmed into the Klee.



So, exactly what does this mean, being able to program more than one bit into a
sequencer shift register?

For one thing, it means that the standard method of programming a sequencer, in essence,
flies out the window.

And why is that? Because now instead of selecting the voltage programmed by only one
pot with a single illuminated LED, the Klee sequencer selects the summed voltages of
more than one pot with more than one simultaneously illuminated LED.

Let’s go back to our eight step sequencer example, using our little tune ABACABAC.
Only now, our eight step sequencer is a Klee sequencer. Because we can, instead of
starting with the standard sequencer shift register pattern of:

1000000
We’ll instead begin with the Klee pattern of:
10100000

Notice in this example, we’ve added only one bit to our standard shift register pattern.
Refer to figure 8. This pattern shows us that on our first stage, pot one and pot three are
both selected to output their voltages to the Klee voltage output. Because there are two
voltages selected by the LEDs, the sum of the two voltages will be generated. The first
note of our tune is A and our third note is also A. In this case, if you recall, we have our
VCO sitting at A, so we programmed both of these pots for 0V. 0+ 0 =0, so we will still
put out OV for this first step. So, our first note will still be A.
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Figure 8: First step in sequence using 01010000 as the Klee Pattern



Now a rising clock pulse shifts our shift register right one step. We have now shifted
from Step 1 to Step 2, and we now have the pattern:

01010000

Refer to figure 9. The LED over pot two is illuminated so its programmed voltage for
note B is generated (0.167V rounded off). And our LED over pot four is illuminated, so
its programmed voltage for note C is generated (0.25V). Our two voltages are summed
together at the Klee voltage output. 0.167 + 0.25 = 0.417, so now the Klee is generating
0.417V. That 0.417 is an interval of 5 half steps, or two and a half whole steps, above
our resting frequency of A. So, instead of the note B being our second note in the ditty, it
is now the note D, which is five half steps above A.
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Figure 9: Second step in sequence has shifted to 01010000, producing the note ‘D’

Now another rising clock pulse shifts our shift register to the right one step again, and we
are presented with this pattern:

00101000

In figure 10, we see the LED over pot three is illuminated. In our example, pot three is
programmed for OV, so it contributes OV to the Klee voltage output. The LED over pot
five is illuminated, and pot five is programmed for OV as well, so our summed output is
OV — the third note is again A, as in the original ABACABAC.
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Figure 10: Third step in sequence has shifted to 00101000, producing the note ‘A’
Yet again, we shift to the right:
00010100
In Figure 11, we see pot four, which is set for 0.25V, is selected, and pot six, which is set

for 0.167V, is selected, and again we are presented with the summed voltage of 0.417V,
which puts us back at note D again.
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Figure 11: Fourth step in sequence has shifted to 00010100, producing the note ‘D’

To make a long story short, this pattern with this combination of pot settings will
produce, instead of the sequence ABACABAC, the sequence ADADADAD.

If we change our Klee pattern to 11010000 , our ditty changes to DBDCDBDC!



And, if we get really crazy and enter a Klee pattern like 00010001, we get
FACHAFACHA.

So, we have, without adjusting a single pot from its original settings, obtained four
unique note sequences from the same settings (there are of course, more patterns that
could be applied, but, hey, we said this explanation would be as brief as possible).

This example is actually a quite simple example of Klee sequencing — if you notice, our
original sequence of ABACABAC contained only three different notes, and those notes
are symmetrically spaced. If you had a sequence that contained four different notes not
so symmetrically spaced, the variation would increase.

Take for example, for whatever reason, our original sequence contained these notes:
ABDCACDB. Using the same example patterns, we wind up with:

10100000 = DDDFDDDC#
11010000 = DEG#FDFF#E
00010001 = DADGDADGD

Notice that pattern 11010000 turned our sequence ABDCACDB, which contains four
different pitches, into a pattern that contains five different pitches! The first and third

patterns reduced the number of different pitches contained in the sequence from four to
three.

So, manipulation of the pattern switches can render wildly varying results from the same
set of programmed pots. What effect does changing the pot values have with a given
pattern? Plenty, as it turns out. Take again our ABDCACDB sequence. Let’s just
change it ever so slightly by raising one note a half step. Say the first note, A. So now
our original one active bit shift register sequence is A#BDCACDB. Let’s apply the
11010000 pattern to that.

Raising the first note one half step and using 11010000 as our Klee pattern converts
DEG#FDFF#E to D#EG#FDF#F#F. Though we only changed one of the notes in the
original sequence, three notes actually changed in the Klee sequence: The first note
changed from D to D#, the sixth note changed from F to F#, and the eighth note changed
from E to F. Each of those notes was raised one half step, the same increment by which
we changed the first note in the original one bit sequence. The reason for that is, because
there are three bits in the Klee pattern, the altered note is going to be selected and
combined with some other note or notes three times through one repetition of the
sequence. Which notes it’s combined with is determined by the Klee pattern itself.

In other words, changing one pot’s programming is interactive with the entire sequence —
unlike a standard sequencer that alters only one note in a sequence when one
programming pot is adjusted, the Klee pattern will cause other notes in the pattern to
change when only one pot is adjusted, and the affected notes will change by the same
increment that the one pot has been adjusted for.
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Ok, we’ll pause for a breather here and get caught up with some questions that may have
formed in your mind.

Questions such as: “Can the Klee Sequencer produce note sequences not possible on a
standard sequencer?”

The answer to that question is both “no” and “sort of”.

The “no” portion of the answer is, no, the Klee sequencer is still a step sequencer at heart
— you could emulate any of its voltage sequences with a standard sequencer, but through
a different method of programming.

The “sort of” portion of the answer is that, while a step sequencer could emulate a Klee
sequence if it was programmed to do so, it would require three sixteen stage sections to
do it fully, depending on what was to be “copied” from a massive Klee sequence. It
hasn’t been discussed yet, but the Klee sequencer can actually produce three unique
sixteen step voltage sequences from its one set of sixteen programming pots, or even
patterns as long as thirty two steps. The first eight programming pots can process the
Klee pattern and produce stepped voltage sequence programmed by those pots, the
second row of eight pots produce a differently programmed stepped voltage sequence
from the same pattern, and the third output is the stepped voltage sequence derived from
the sum of the first two. All of these sequences are unique, but interrelated as well.

The Klee is capable of manipulating the pattern on the fly, so dynamic sequences in
which some control is altered while the sequence is running would be difficult to
reproduce with a standard step sequencer. One as-yet-un-discussed function actually
manipulates the the number of bits in a Klee sequence — in that case, it would require
three thirty two step standard sequencer rows to emulate some of those sequences.

“S0”, you may ask “other step sequencers provide additional rows of pots to provide
individual outputs, so why bother with a Klee sequencer — what is the purpose of using
one, over a ““normal’ step sequencer which seems to be more predictable in terms of
programming a sequence.”

There are a number of answers to that question. The first answer would be, of course, the
Klee can be used as a standard step sequencer by programming only one active bit in a
Klee pattern. But, in that instance there is very little reason to justify all of the circuitry
inside the Klee and some of the control structure on the front panel of the Klee.

Instead, one of the main intents of the Klee sequencer is indeed the unpredictability of
what a single change in programming controls will do.

In fact, programming a Klee sequence is an exercise in the unpredictable. The
programming pots interact with each other according to the Klee pattern driving them,
and the Klee pattern itself is as instantly changeable as programming a pot. Some
changes will shift your Klee sequence in a slightly different direction, while some
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changes may shift the flow of things one hundred eighty degrees. In fact, the Klee gets
its name from this concept. When the first model was designed, programming it was
compared to molding a sculpture out of very loose clay. Some time after that statement,
Romeo Fahl built a version of the first Klee model, and named it the Klee (which is
pronounced ‘clay’) both in recognition of the “loose clay” description and in honor of the
artist Paul Klee, whose work often, somehow, reflects the abstract nature of programming
a Klee sequencer and many of the sequences it’s been known to produce.

As such, the Klee sequencer was designed to be used as a creative tool in composing and
performing music. The Klee presents its user with a myriad of patterns, possibilities and
choices. The act of programming a Klee sequence and experimenting with different
patterns and program settings is intended to be an act of exploration into new branches of
rhythm and music. In fact, this section of the operations manual is only intended to allow
the user to know what the controls do — it’s not intended to suggest to the Klee operator
that he should resort to pen and paper to try to construct a Klee sequence ‘logically’.

The concept is much the same thing as looking at the sky, and instead of seeing a cloud,
suddenly seeing a winged horse or perhaps the Statue of Liberty. Within the practically
limitless possibility of note sequences, tempo, and timing, a pattern may be recognized
and formed into a musical image in your brain. Something will inevitably reach out and
inspire you and lead you in a direction you perhaps had never considered before. From
that point, the Klee sequence you’ve created may very well become the basis of a new
composition that perhaps otherwise would never have occurred to you.

There’s all that, and there’s also the fact that so far we have only discussed the Klee in
terms of the voltage patterns it produces. There is another aspect to the Klee that is as
integral as to a Klee sequence as fingers are integral to a hand — the timing signals
produced by the Klee Gate Bus.

The Klee Gate Bus

Just as the Klee sequencer applies a pattern programmed into the sequencer’s shift
register to produce wildly varying voltage patterns, it derives a number of gate and
trigger signals from this same pattern. Because the same shift register pattern that is used
to produce the voltage pattern is also used to produce these timing signals, the timing
signals and voltage pattern are interlocked in a very special way — a change in the Klee
pattern will produce not only a change in the voltage pattern, it will also produce a
change in the timing and number of the gates and triggers produced in each repetition of
the pattern.

To explain the Klee Gate Bus adequately, we probably should first go back to our point
of reference — the standard step sequencer.

Normally a step sequencer will produce a series of gate signals so that external devices

can be synchronized to the step sequencer. The most basic control signal produced by the
step sequencer is an output connector that produces one gate per clock cycle.
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Figure 12: Sequencer with basic gate output

If you plug this gate signal into an envelope generator that is controlling a VCA, or even
gate the VCA with the gate signal, you get one note per step in the sequencer. If you pass
the signal produced by a VCO that is controlled by the voltage output of the step
sequencer through this VCA, a series of discrete notes is produced by the step sequencer,
the VCO, and VCA. Of course, a filter is usually in there between the VCO and VCA,
but this is one of the most basic and general applications of a step sequencer. If there is
an eight step sequence, then eight notes are produced each time the sequence repeats.
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Figure 13: Basic VCO/VCA Patch using sequencer gate signal

With this basic patch, the note length of each note does not vary, nor are there any ‘rests’
between notes — it is a constant cycle of the notes over and over. This, of course, can be
very useful and has indeed been very useful in setting up rhythmic foundations in various
musical pieces over the years.
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Often, however, one may want to generate a sequence that provides variation either in
note duration, or in timing (for example, one may want to have a series of notes, but also
a rest or silence for a step or quarter step in there somewhere).

Various models of step sequencers provide a means to vary the note length. For example,
some step sequencers offer a way to vary the on-time of the gates the sequencer produces
— this allows some notes to last longer than others.
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Figure 14: Varying the duty cycle of the gate to control note/rest length

Many step sequencers also allow a method to send only certain gate signals on certain
steps. By doing this, one could, say, have the first, second and third steps produce a gate
signal to generate three notes in succession, then perhaps have the sixth and seventh steps
produce a couple of more gates, so that the first, second, third, sixth and seventh notes
“sound”, while the fourth, fifth, and eighth steps produce no note at all, and are ‘rests’ in
the sequence.

There are a few different methods step sequencers employ to generate gate signals only
on certain steps in the sequence. One method is to provide one gate output per step.
Often, a gate output jack will be placed right beneath every step programming pot. When
a particular step is accessed by the illuminated LED, a gate signal is produced on the
output associated with that step. Then, the user is free to patch these different gate
signals where he pleases.
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Figure 15: Step sequencer with individual gate outputs

This is a very useful application — for example, half the gates can be used to control one
device while the other half controls another device. This is great for stereo ping-pong
type effects, for example. Of course, with this configuration, you are not limited to
gating two devices — you can gate as many devices as you have steps. For example, for
the simple sequencer pictured in Figure 15, one could gate as many as eight voices — in
this case, each note would be formed by a different voice.

Another method that is used by some step sequencers to manipulate and distribute gate
signals, and the Klee sequencer is one of them, is to provide one or more gate busses.
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Gate Bus 2, so gate signal is generated from the Gate
Bus 2 output connector only.

Figure 16: Step sequencer with two gate busses



A gate bus has only one output. The row of gate jacks is replaced with a row of switches.
These switches choose which gates will be allowed to pass through to the output of the
gate bus. More often than not, a step sequencer that uses gate busses will provide two or
more gate busses. Having two gate busses allows one to control two devices; having
three gate busses allows one to control three devices, etc.

Using our previous example of having steps one, two, three, six and seven producing
gates, one would simply set the gate bus switches for steps one, two, three, six and seven
to the position that allowed those gates to be put ‘onto the bus’ and routed out the gate
bus connector (see Figure 17). By not using the gate signals switched to Gate Bus 2, we
have a produced an eight step sequence with ‘rests’ on the fourth, fifth and eighth notes.
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Figure 17: An application using two gate busses

With our standard step sequencer, whether there may be gate busses or individual gate
connectors per step, we are still held to one simple rule: there is never more than one
gate produced per step, because there is never more than one step active at any time in a
given sequence.

Now, when we take the Klee perspective, we know why that is true — there is only one
active bit in the standard step sequencer’s shift register. And if only one active bit is
programmed in the Klee’s shift register, it gladly follows the rules of all other standard
step sequencers.

But, of course, the Klee sequencer is not held to that rule, and is, in fact, designed to
break that rule. But, we are getting ahead of ourselves here — in order to explain the
effect of this blatant rule-breaking, we should first examine, at least minimally, the
structure of the Klee sequencer’s gate bus.

The Klee gate bus consists of three different busses. Each of these gate busses has two
outputs — a gate output, and a trigger output. Refer to Figure 18: Like a standard step
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sequencer that employs a gate bus, the Klee sequencer has a three position gate bus
switch assigned to each stage — this row of switches is pictured just below the row of
pattern LEDs. Below the switches are the gate bus outputs and LEDs — each gate bus
LED will illuminate for as long as its gate signal is high.
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Figure 18: Klee Gate Bus Switches, Connectors and LEDs

When a stage is ‘activated’ by an illuminated LED, one position of the switch will direct
the gate/trigger of this stage to the Gate Bus 1 outputs, the second position of the switch
will direct the gate/trigger to the Gate Bus 2 outputs, and the third position of the switch
will direct the gate/trigger to the Gate Bus 3 outputs. In addition to busses 1, 2 and 3,
there is also a pair of outputs (gate and trigger) called the Master Gate Bus. The Master
Gate Bus simply produces a set of gate and trigger signals every time the clock cycles
high and shifts the contents of the register right.

Let’s assume our gate bus merge switches are in the off position. What’s that — we
haven’t mentioned the gate bus merge switches? Don’t worry, that explanation will
happen in due course — but to explain them adequately requires at least a cursory look at
our Klee gate bus.

Anyway, when our merge switches are off, the gate of each selected active stage will stay
high for as long as our clock signal is high. If the clock signal has a very long “on time”,
then our gates will be on for the same long period of time. If the clock signal has a very
short “on time”, again, our gates will be on for just that short period of time. Already, we
see an advantage here — the length of the notes produced by the Klee can be varied by
varying the duty cycle of the clock, just as in Figure 14 a few pages back.

The trigger signals are produced by the rising edge of a gate bus output — so each time a
new gate is produced, a trigger signal is generated. The trigger signal is on for only a
millisecond or so, and does not vary with the clock’s duty cycle.

Examining the three gate busses more closely, we find that Gate Bus 1 and Gate Bus 3
are ‘physical’ gate busses. In other words, when you put a gate bus switch in either the
‘1’ or ‘3’ position, within the Klee sequencer, the switch physically sends the gate/trigger
signal onto the selected bus. Gate Bus 2 is generated logically, by a logical NOR
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function to be exact. Its rule is, if Gate Bus 1 or Gate Bus 3 is currently generating a
gate/trigger pair, Gate Bus 2 will not produce a gate/trigger pair. With a one bit pattern
emulating a standard sequencer, this fact is meaningless — in this state, the Klee will only
produce one gate/trigger pair per step, just as in a standard sequencer, so Gate Bus 1 or
Gate Bus 3 will never be ‘high’ when a step selecting Gate Bus 2 is active. When using a
Klee pattern, however, this fact does have considerable bearing.

Gate

l l F Bus 1
Gate

Kiee Stage Kiee Stage (TECHIET N S— ». oo
T T Gate
" Bus 3

Figure 19: The Klee Gate Bus Structure (only three stages shown)

Now that we have that out of the way, let’s return to how breaking the ‘one active bit’
rule changes the nature of the Klee Gate Bus. As mentioned before, the first obvious fact
is that we can have more than one gate/trigger pair simultaneously produced. The only
thing we need for that is to have more than one active bit in the shift register, and have at
least one bit accessing a stage set for Gate Bus 1 and at least one bit accessing a stage set
for Gate Bus 3.

Now, already, things start to get weird, and nearly impossible to describe rather than just
do with a Klee sequencer. Let’s examine that statement again:

The only thing we need for that is to have more than one active bit in the shift register,
and have at least one bit accessing a stage set for Gate Bus 1 and at least one bit
accessing a stage set for Gate Bus 3.

First of all, let’s deal with the term “at least”: more than one active bit means the number
of ‘on’ bits programmed into our shift register can be anywhere from two to sixteen.

Second of all, nowhere in that statement is anything stating which bits are active. As with
anything in Klee programming, which bits are active, or more to the point, how the bits
are spaced from each other relative to which gate bus switches are ‘thrown’ plays an
important role in the number of gate/trigger pairs produced per each repetition of the
sequence.

What the...are you talking about?

Yes, yes, we know, we know, bear with us.
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OK, let’s say we’re using a single eight bit shift register. For whatever reason, we are
using two active bits in our Klee pattern, and we just happen to have them set
symmetrically — we have the same number of ‘off” bits in the pattern separating the two
active bits. In this case, we have set bit one active, and bit five active, so our Klee pattern

looks like this:

10001000

Now, we have also set our gate bus switches symmetrically as well. We have set stage
one for Gate Bus 1 and stage five for Gate Bus 3.

1 0 0 0 1 0 0 0

2 3 4 5 6 f 8

Gate Bus 1

@
o ] L] )] O 9] Gate Bus 2 )]
@

: : L L z z Gate Busz 3

1
@ o

3 3 3 3 3

Figure 20: The First Step of Klee Pattern 10001000

Figure 20 illustrates this first step of our Klee pattern — only the Gate Bus 1, 2 and 3
LEDs are shown — it’s known that our Master Gate Bus will always produce a
gate/trigger pair for every time the pattern shifts right. As can be observed in Figure 20,
the first step generates a gate/trigger pair at the Gate Bus 1 outputs because the first bit in
the pattern is accessing the first stage. Our first step also produces a gate/trigger pair at
the Gate Bus 3 outputs, because stage five is accessed, and we have it set for Gate Bus 3.
So we have produced two simultaneous gate/trigger pairs.

Now we advance to the second step of our Klee pattern, which shifts our pattern right one
bit, so that we wind up with 01000100.

0 1 0 0 0 1 0 0
1 2 3 4 5 8 7 8
Gate Bus 1 )
] @ < @] O ® o O Gate Bus 2 @
1 1 1 1 1 1 L Gate Bus 3 O
@ 2 2 2 2 @ 2 2 2 2
3 3 3 3 L 3 3 3

Figure 21: The Second Step of Klee Pattern 10001000

By studying Figure 21, we can see that both stages two and six are now selected by the
Klee pattern. Both of the selected stages have their gate busses set in the middle position,
which sends their gate signals to Gate Bus 2. So, our Gate Bus 2 illuminates as the gate
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goes high — a gate has been generated at the Gate Bus 2 gate connector and a trigger is
generated at the Gate Bus 2 trigger connector.

The next two steps yield the same gate bus results.

0 0 0

Gate Bus 1 19
Gate Bus 2 9
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Gate Bus 3 9
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0 0 0 1 0 0 0 1
1 2 3 5 8 7
Gate Bus 1 )
] & o ] ! Q O ® Gate Bus 2 ]
1 1 1 1 1 1 1 GaleBus3 ()
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3 3 3 L 3 3 3

Figure 22: The Third and Fourth Steps of Klee Pattern 10001000

Both the third and fourth steps access stages that are switched to gate bus 2: step three
selects stages three and seven; step four selects stages four and eight.

Now we step one more time, shifting our Klee pattern once again to the right.

1 0 0 0 1 0 0 0
1 2 3 4 5 8 7 8
Gate Bus 1 ®
L] ) < @] ® O o O Gate Bus 2 )
1 1 1 1 1 1 L Gate Bus 3 ]
@ 2 2 2 2 @ 2 2 2 2
3 3 3 3 L 3 3 3

Figure 23: The Fifth Step of Klee Pattern 10001000

Look at Figure 23: this is our fifth step, but now our pattern looks the same as it did
when we started out — it’s symmetrical, so it ‘repeats’ after every four steps! So do our
gate/trigger pairs out of Gate Bus 1 and Gate Bus 3: stage one is selected, so Gate Bus 1
produces its pair, and stage five is selected, so Gate Bus 3 produces its pair. Again, on
step five, we have simultaneous gate/trigger pairs produced from gate busses 1 and 3.
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Because we’re back to the same pattern as we started with, steps six through eight will
simply be a repeat of steps two through five — each of these steps will produce a
gate/trigger pair on the Gate Bus 2 output connectors.

If we analyze what just occurred, we find that we have produced two simultaneous
gate/trigger pairs from busses 1 and 3, and six gate/trigger pairs from bus 2 throughout
the entire sequence:

Gate Bus 1: Two Gate/Trigger Pairs
Gate Bus 2: Six Gate/Trigger Pairs
Gate Bus 3: Two Gate/Trigger Pairs

Now, let’s alter our setup slightly — let’s just change the Klee pattern itself, and leave the
bus switches alone. Let’s start with the Klee Pattern 10100000.

1 0 1 0 0 0 0 0
2 3 4 5 6 7 8
Gate Bus 1 @
@ O [ ] @] O O o O Gate Bus 2 )
1 1 1 1 1 1 1 Gate Bus 3 O
b:| 0:| ©:| @:| @:| @:| ©:| ©:
3 3 3 8 3 3 3

Figure 24: The First Step of Klee Pattern 10100000

We’re still using two active (or “on”) bits, but we’ve changed the position of one of them
from stage five to stage three.

Our first step (Figure 24) produces a gate/trigger pair on Gate Bus 1, because stage one is
set for Gate Bus 1. The other active bit is on stage 3, which is set for Gate Bus 2. Gate
Bus 2 does *not* produce a gate/trigger pair — remember, our logical Gate Bus 2 rule is
that if Bus 1 or Bus 3 is high, Gate Bus 2 will produce nothing.

We now step one more time:

0 1 0 1 0 0 0 0
2 3 4 5 4] 7 8
Gate Bus 1 )
O ® O ® O O o O —
1 1 1 1 1 1 1 Gate Bus 3 O
3 3 3 3 L 3 3 3

Figure 25: The Second Step of Klee Pattern 10100000

With the second step, neither stage one nor stage five is selected. So neither Gate Bus 1
nor Gate Bus 3 will produce a gate/trigger pair. Both selected stages (stage two and stage
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four) are set for Gate Bus 2, and neither Gate Bus 1 nor Gate Bus 2 is high, so Gate Bus 2

produces a gate/trigger pair.

Let’s clock one more time:
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Figure 26: The Third Step of Klee Pattern 10100000

Now stages three and five are selected (Figure 26). Stage five is switched to Gate Bus
Three, so chalk up a gate/trigger pair on the output of Gate Bus 3. Stage three is switched
to Gate Bus 2, but....Gate Bus 3 is “high”, so Gate Bus 2 will generate nothing.

Onward...another clock pulse shifts our register right again:
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Figure 27: The Fourth Step of Klee Pattern 10100000

Steps four and six are selected (Figure 27). They’re both set to Gate Bus 2, so Gate Bus
2 generates its gate/trigger pair.

Clock pulse number five shifts right again:
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Figure 28: The Fifth Step of Klee Pattern 10100000

Stage five is selected again (Figure 28), sending its gate/trigger pair out of Bus 3. Stage
seven is also selected, but it’s switched to Gate Bus 2, so we all know by now what that

means: Gate Bus 3 is high, so Gate Bus 2 does nothing.
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Clock pulse six shifts our register again to the right:

0 0 0 0 0 1 0 1
2 3 4 5 6 7 8
Gate Bus 1 )
o O O O O ® O ® = O
1 1 1 1 1 1 L Gate Bus 3 B
b:| 0:| ©:| @:| @:| @:| ©:| ©:
3 3 L 3 3 3

Figure 29: The Sixth Step of Klee Pattern 10100000

Stages six and eight are selected; in Figure 29 we see both are set for Gate Bus 2, so Gate
Bus 2 sends out a gate/trigger pair.

Clock pulse seven:

1 0 0 0 0 0 1 0
2 3 4 5 4] 7 8
Gate Bus 1 @
® 0O O 0 O O ® O —
1 1 1 1 1 1 1 Gate Bus 3 O
b:| 0:| ©:| @:| @:| @:| ©:| ©:
3 3 3 L 3 3 3

Figure 30: The Seventh Step of Klee Pattern 10100000

The second bit has now wrapped around to the beginning of the register and is activating
Stage one, which is set to Gate Bus 1, so Gate Bus 1 provides a Gate/Trigger pair. Stage
seven is selected, but it’s set for Gate Bus 2. Gate Bus 1 is high, so Gate Bus 2 follows

the rules and does not provide a gate/trigger pair.

And finally (collective sigh of relief) clock pulse number 8 shifts us one more step to the

right:

0 1 0 0 0 0 0 1
2 3 4 5 8 7 8

Gate Bus 1 )

O O QO O O o ® Gate Bus 2 @
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@ 2 ©) 2 2 @ 2 2 2 2 1

3 3 3 L 3 3 3

Figure 31: The Eighth Step of Klee Pattern 10100000

Stages 2 and eight are selected, both of which are set for Gate Bus 2, so Gate Bus 2 does
its thing and generates a gate/trigger pair.
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So, let’s tally up what just happened.

Throughout this sequence, the number of generated gate/trigger pairs per bus is now
different from our previous Klee Pattern, but only in the number of gate trigger pairs
produced by Gate Bus 2:

Gate Bus 1: Two Gate/Trigger Pairs
Gate Bus 2: Four Gate/Trigger Pairs
Gate Bus 3: Two Gate/Trigger Pairs

We still had the same number of bits and the same number of switches set for each gate
bus; the only difference was that we changed the position of exactly one bit in the Klee
pattern. To illustrate the difference a little more intuitively, examine Tables 1 and 2.

The top row of each table represents the eight clock pulses (CP1, CP2, etc) that triggered
the sequence. Underneath each clock pulse is a representation of the gate bus outputs —
picture, if you will, these are our gate bus LEDs — a filled circle is an ‘on” LED, meaning
a gate/trigger pair is produced, while an empty circle is an ‘off” LED, meaning that gate
bus produced nothing for that clock pulse.

First Example: 10001000

CP1 CP2 CP3 CP4 CP5 CP6 CP7 CP8
Busl | o 0o 0o 0o ° o o 0o
Busz | o o o o o o o o
Bus3 | o 0o 0o 0o ° o o 0o
Table 1

Second Example: 10100000

CP1 CP2 CP3 CP4 CP5 CP6 CP7 CP8
Busl | o 0 0o 0o 0o o ° 0o
Busz | o o o o o o o o
Bus3 | o 0o ° 0o ° o o 0o
Table 2

By changing just that one active bit position in the Klee pattern, we have changed not

only the Klee voltage pattern, but the Gate Bus pattern as well.
Note that we only have one switch set for Gate Bus 1, and only one switch set for Gate

Bus 2. In each example, for every repetition of the sequence, those gate busses actually
generate two gate/trigger pairs. A ‘standard’ sequencer gate bus would never generate
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more than one gate per bus if there were only one switch set for each bus. Moreover, on
two instances, there is more than one bus simultaneously producing a gate/trigger pair.

Note also in each example, Gate Bus 2 has six switches set to its position. Our first
example provides six Gate Bus 2 gate/trigger pairs for the sequence, but our second
example provides four Gate Bus 2 gate/trigger pairs for the sequence — the number of
gate/trigger pairs is less than the number of switches set for that bus!

And finally, one cannot help but notice the rhythmic pattern for each gate bus has
changed considerably between the two examples.

That was brutal — | thought you said this explanation was going to be brief.

“We’ll try not to make it too lengthy” was actually the expression used. But, good point;
certainly, the best way to explore the Klee sequencer is to set this tome aside and
experiment. Eventually you may or may not run into an instance where things don’t
work they way you thought they might — this may be especially true for those who have
used a standard step sequencer extensively — and that’s what this section is for.

Getting back to our gate bus, we’d just used a simple eight bit Klee pattern with two
active bits to generate a Klee voltage and gate bus pattern. We saw how just changing
one bit in this pattern not only alters the voltage output, but the gate bus outputs as well.

Of course, it is entirely possible to change the gate bus pattern without altering the Klee
voltage output. This is done by simply using the gate bus switches to select different
stages to be sent to different busses without altering the Klee pattern.

Let’s return to our simple pattern examples. This time around, we will not go through the
examples clock pulse by clock pulse to render a blow-by-blow of the hot Klee action.
Instead, we’ll just look at the end result.

1 0 0 0 1 0 0 0
1 2 3 4 5 8 7 8
Gate Bus 1 ®
L] < < @] ® O o O Gate Bus 2 )
1 1 1 1 1 1 L Gate Bus 3 O
b:| @ 9| @:| @:| @:| ©:| ©:
3 3 \ 3 3 3 3 3

Figure 32: Klee Pattern 10001000 With New Gate Bus Assignments

Let’s say we keep the number of switches for each Gate Bus the same, we’ll just change
one switch’s selection from Gate Bus 3 to Gate Bus 2, and change another switch from
Gate Bus 2 to Gate Bus three. So, let’s just set stage 3 for Gate Bus 3, and set stage 5
from Gate Bus three to Gate Bus 2 — we’re effectively just “moving” one gate bus
assignment (Figure 32).
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Table 3 illustrates the new gate bus pattern that emerges using the same Klee pattern used

to generate the pattern in Table 1, but with the new gate bus assignments as seen in

Diagram 32.
Klee Pattern 10001000 With New Gate Bus Assignments
CP1 CP2 CP3 CP4 CP5 CP6 CP7 CP8
Busl | o o o o o o o o
Bus2 1 o o o o e o O o
Bus3 1 o o o o o o o o
Table 3

Table 4 illustrates the new gate bus pattern that emerges from the same Klee pattern used
to generate the pattern in Table 2 using the new gate bus assignments as seen in Diagram
32.

Klee Pattern 10001000 With New Gate Bus Assignments

CP1 CP2 CP3 CP4 CP5 CP6 CP7 CP8
Busl | o 0 o 0 o o o o
Bus2 | o ° 0o ° ° ° o °
Bus3 | o o o 0 o o o o
Table 4

By comparing tables 1 and 2 with tables 3 and 4, it can be observed that, by shifting that
one gate bus assignment, we again have generated a uniquely different gate bus pattern
from each of the two example Klee patterns.

Examining tables 3 and 4 reveals that, though we have only one gate bus switch set for
Bus 1 (stage one), one gate bus switch for Bus 3 (stage 3), and the six remaining switches
set for Gate Bus 3, the actual number of gate/trigger pairs per gate bus rarely coincides
with the number of switches set to a gate bus. As you consider this, bear in mind these
examples are very simple examples involving Klee patterns with only two active bits in
an eight stage shift register. Consider that you can program any combination of up to
sixteen bits with any combination of up to sixteen gate bus switches - the permutations
are practically limitless. Predicting a particular gate bus pattern with a given set of
switches and a given Klee pattern is a monolithic task. Like the Klee voltage output, the
Klee gate bus is best programmed experimentally. This is done by adjusting the gate bus
switches and exploring the rhythmic possibility within a Klee sequence as it is running.

OK, so what are these ““merge’” switches for? - To Be Continued.
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