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1. Introduction

First of all, it has to be mentioned that this vsti doesn't generate any sound itself.

It generates midi note data which should be send to multiple monophonic synthesizers or one or more polyphonic synthesizers. To use this midi vsti, you have to consult the manual of your vst-host about how to send midi data from one vst to another.

As different hosts have different build-up I supplied two versions of the vst(i). One to be loaded as instrument and the other as effect.

The basic idea or 'theory' (I was mostly wondering to be honest) with which the Mathematico was started, is this:

A mathematical calculation build within a loop, which is feeded it's own outcome at a given clock-pulse and wrapped or reflected within a certain range, will often tend to show recognizable patterns.

2. Basic build up

The mathematico is build up in 3 parts, a fairly small rhythmic part on the bottom of the display, a smaller automation recorder in the middle (red rounded box) and a respectively large melody generating sequencer. The larger melody sequencer itself is build up from 4 basis sequencers and dedicated LFO's:


2a. Melody part

1. a. pitch+LFO

b. pitch+LFO

2. a.Velocity

b. Velocity

3. base+LFO

4. chord+LFO

As you can see there are an a and b version of the pitch and velocity sequence, so you're able to generate two patterns based on a shared base and chord.

The pitch-sequencer controls the pitch of the midinotes being generated and besides that, the selection of the note-generators (4 generators for each main-sequencer, A/B, further explained below). When a gate is generated by the rhythm sequencer, the pitch value gets sampled and used as midi-note-number data.

The velocity sequencer controls the velocity being send along with the generated midi note. It too gets sampled&hold and used as velocity value for the triggering note-generator.

The base and chord part are a bit different from what most people would expect it to be, though they resemble much. For the chord, the base-value created sets the starting position from where to count out the chord, but still following the major/minor half/whole step intervals of the basic key. The generated value of the chord-sequencer is then added to this position for multiple times, generating 4 values to combine a chord. As the notes are forced within scaling while the generated intervals can even go up to 10 octaves, after which they get wrapped back to the 1 octave scale they form different chords in which the base-sequencer's value doesn't function as the base-key of the chord, but rather the enharmonic which stays, while the rest of the chord changes.


Sequencer build-up

The sequences for all the six sequencers are build up from the same set of calculations, although different selections of conversion can be set at several positions.

A reset value (knob)  is looped from the output of a sample&hold through a subseries of calculations and modulations (knobs and selectors) after which it is feeded back to it's input. To be sure the generated values keep within bounds, there is a wrapper/reflector (selectable) put in between with an extra offset-knob (add). The outcome of the calculation gets sampled at a clock-pulse derived from the main clock (multiple ways to change timing) and gets send through the whole process again to generate the next value.

3 main sub-math sections can be found:

1. waveshaper featuring several waveshapes and modifications

2. parabole calculation a*x^d+b*x+c

3. math-set (different types of simple calculations)

For the pitch and velocity, there is also a fourth part, which lets you feed the outcome of another sequencer. 

After the part where the sequencer gets wrapped or reflected within the range set (knob) and given an offset, there is a second wrapper/reflector which lets you set a minimum and the with of the signal to be used as base, chord, pitch or velocity information.

At the top of the vst-display there is one button to use to switch between pitch/velocity sequence A and B. The other one is used to show the values which are generated by the sequencers over time.


2b. Rhythm Part

The rhythm part looks rather simple but is able to produce rhythmically very interesting patterns.

Here you can set the main tempo, which is derived from the host tempo. 

(As throughout the rest of the vst, the tempo is adjustable as (x/y)*(tempo) where x, the multiplier, can be 0-64 (0=off) and y,the division, can go from 1-64.)

Four note generators are given per sequencer (A or B) and there are two modes of triggering: chord or arp. In chord mode, clock is send to all generators at the same time, while in arp-mode, the clock is designated to one of the four only. Which one is desided by the position of the sequence shown in the pitch-display of the respective sequencer (A/B), when low, selecting the left most note generator and when at max it selects the right most generator.

Each of the 4 note generators have independent controls to adjust clock division and gate-time and each can be set to it's own midi-channel. So sequencer A and B can control 8 seperate monophonic synthesizers at the same time build on the same chords, control a single polyphonic synthesizer or both. As the gate-pulse doesn't retrigger when it's already on, gate-time can be 64-beats and the main clock-pulse can be divided, taken together with the selection of the pitchsequencer's value, the four generators can create a new, completely different pattern in just a single turn of the right knob.


2c. Automation Record Part

All the knobs and selectors of the automathico (265) have been assigned to NRPN 1-266. The inbuild automation recorder can monitor which knob moves and records it's change into it's automation sequence. It can only record one knob-change per step. It can be used as complex LFO for some parameter or be a slow modifier for knobs all over the automathico.


3. The details

I'll start explaing the knobs and buttons from the point where you should start when using the Automathico for the first time, so to make sure it is doing what it should do and send midi-notes.


a. Controlling another vst or hardware synthesizer and “getting it to work.”

How to control another vst in your vst-host should be possible to find in the accompanying manual. Often you have to set the midi output port of the mathematico to the same midi input port of the receiving hardware synthesizer or vst.

To set the midi channel of the notes being generated, go to the rhythm part at the bottom of the vst. Next to each clock-divider of each note-generator there is a selector with which you select the midichannel. Set this to the same midi channel as the synthesizer(s) respond to.

Set the main tempo to the right beat division based on host tempo and set the main divider to 1, if it isn't. Make sure that the gatetime multipliers (upper number, as in x/y) aren't set to 0, as this counts as a 'gate-mute'. If the generated data is too high or too low, use the most-right controls in the pitch sequencer (base, width) to set it to the right range. If the output is too soft or too loud, use the same controls, but then of the velocity-sequencer.

If the midi-routing between automathico and synthesizer(s) is set up correctly it should now be playing as soon as you press play in your vst host. (if not, also check the on/off switch at the bottom/middle, which should be in upright position)


b. What does this button do?

Two buttons are used to toggle between views, one (top right) for displaying the generated sequences (takes a bit more CPU) or showing your the knob-recorder and feed-settings and the other button (top left) switches between the panels of sequencer A and sequencer B.

Now, let's start with the Rhytmic section at the bottom as this is the smallest part and easiest to explain.


Rhythm section

Main Clock: The main clock multiplies and divides the main tempo (x/y*tempo) using whole numbers from 0-64 for the multiplier (0=stand still) and 1-64 for the divider. This allows for the user to work in any kind of counting next to the drums he might have programmed next to it.

Divider: The dividers divide the main clockpulse. So a division of two only sends a clockpulse every 2 main clockpulses. There are dividers for the main clock as well as the seperate note-generators. The main divider can thus be used to divide the tempo of all sequences.

Gatetime: After the main clock signal has been divided the remaining clockpulses will trigger a gate. You can set the time of the gate to a division (x/y) which sets the length according to the main tempo (1/1=1 beat) and divider. When the gate is still on while a new clockpulse is coming in, the clock will get ignored, just as long as the gate is low when a new clock pulse enters. So combining the divider and the gatetime together it acts as a rhythmical interval.

Key and Scaling: Using the key and scaler knobs, you can change the mood of the melody. As you'll be able to see, no scale or key is actually being shown.This has two reasons: first of all, the fact that my computer started to crash a lot lately because of which I couldn't build up the scaling method the way it should have been. Instead of that I kinda got stuck with the method I used in the meantime, which has a comparable way of creating scales in different keys, but not the option to show which key and scale it is actually playing.

Next to the scale and key knobs, there are also two buttons for scale changing:

the one right next to the key-knob is used to manually select the current playing base-note as the new key. The button left of the scale key is used to set automatic key-jump to off/of. Using the divider underneath it, you can set the amount of beats it takes after which to switch to a new key.

Off/on: This button is used to both reset the automathico manually to the start position as well as turn the modules inside to inactive.

Arp: The arp button is used to switch between the clock being send to one note/gate generator at a time or to send it to all generators at the same time. Although combined with the gatetime and dividers both functions can provide an arpeggiator like rhythm, the arp mode always only plays one note at a time, while chord plays at least one note at a time. As all generators receive the same trigger at the same time, it depends on gatetime and dividers whether the generators will be triggered or not. Setting them all to different values will make each generator count differently. You could see it as two ways of playing the piano. The arp only uses one finger to play notes, while the chord uses all his fingers, but playing them all in a different count by which sometimes multiple fingers might play at the same time.

Status override: With the status override you can override the on/off state of the host. This should allow the plugin to play even when host is not playing.

Over the the next part, the melody!


Melody section

As the controls are mostly the same for all the melody sequencers, only the pitch/velocity-sequence will be used to explain, as these have the feedback-part extra. As explained before, the sequencer is build as a loop. A value get sended around and while going around it is being  changed by different calculations. We'll start at the shaper and go from left to right, explaining the knobs.

Shaper

The shaper is the first block at the left and is used to reshape the looped value using an oscilator which frequency can be set to 0.

Mix: this knob is used to mix the clean value with the outcome of the shaper. 

Waveform: beneath the mix knob, you can see a wave-shape. Clicking with left mousebutton will change the phase of the waveform and right-clicking will allow you to change the actual waveform (sine, saw, ramp, peak etc.) AND select the amount of harmonics contained in the signal, based on the chosen waveform.

Tempo: again, a x/y is used to set the tempo of the shaper as division of host tempo. Thus the shaper is not only used to shape the incoming value (x) to another (y) where the relation x-y is steady, but as it slowly changes, shapes the x to the y differently all the time. Of course, the tempo can be set to 0/1 to use it only as a steady shaper.

Invert: the invert-button will invert the respons of the shaper. You might also use the phase-knob to do so, but this would be less accurate. Next to this the invert button can also be modulated by the LFO, which could generate interesting simple changes in patterns.

Parabole function

In the second block from the left, the parabole function is used: a*x^P+b*x+c, where P stand for the (3/2/4) notation shown on the screen. So the input generated by the clean+shaper function gets send to both A*X(3/2/4) and B*X, then C is added as an offset. It should be noted that A and B shouldn't be in middle position (=0) at the same time, as this will render the clean+shaper input to 0 and only the +C offset will remain. Still, this is useful for some ways of melody-creating where you shape the LFO-value only, without the use of the looping value itself. The LFO will then be used to generate a changing value that can be modified later in the math-calculation (math select/feed).

A* and X(3/2/4): the A* and X(3/2/4) knobs are used together. First of all, the X(3/2/4) knob is a mixer-knob which selects between X^2 in middle position, X^3 in total left position and X^4 in total right position with mixes of them in between. The outcome of this will then be multiplied by A, which is 0 in middle position, -10 in left position and +10 in right position.

B*X: b multiplies the clean+shaper value input (thus same value as used for A*X(3/2/4)). This knob also goes from -10 to +10 with zero as middle position.

+C: this knob generates an offset to the parabole function. When you put both A*X(3/2/4) and B*X to zero, you can set the LFO-destination to this knob and use that to send through the math-select/feed.

Underneath the parabole function there are 4 more controls and two leds.

From left to right:

Sync-count and reset-value: the sync counter resets the loop to the reset value every # time a clockpulse is being generated for the respective melody sequencer (using the pitch/velocity sequencer's own main divider shown in the 3rd block). This way, simple recurring patterns can be made which can be modified/modulated by chord, base, LFO or feed. For example, when set to 4, the same four values will be repeated over and over. But as there are multiple modulation ways, this pattern can be variated on and on. A LED shows when the sync gets applied.

Randomise hanging note: The button with the questionmark is in most cases unneeded, but can provide a randomization when the algorithm you've created tend to get stuck to one value after a while. When the questionmark is lit up, it tracks the generated values and when after multiple succesive counts the value is still on the same level, it adds a random voltage to the count to get it going again until it comes back into it's natural rest-state and gets randomized again.

Inside wrap/reflect: As the calculations used can come up with enormous values quite easily, it all gets wrapped (when going over max, start at 0 again) or reflected (when going over max, inverse direction back to minimum). You wouldn't say, but this button has quite a dramatic impact on the patterns being produced. As the wrapper starts counting from zero again when passing max value, it gives an equal change to both minimum and maximum to be generated. But the reflect mostly tends towards a center point depending on the rest of the function. (eg. When counting +1 between 0-4 when wrapped: 0,1,2,3,4,0,1,2,3,4 and when reflected: 0,1,2,3,4,3,4,3,4)

Math-select and range/offset

After the parabole function we get to the third block where we have the math-select and the inside-loop offset and range settings.

Math-select: you can select a maths-function to be put over the resulting value of shaper and parabole functions. This function can put eg. a sine, cos,asin,tanh, power, squareroot or modulus operator etc. As some of these functions can get really high values really quickly (eg power: 12^232) or aren't able to calculate certain values (mod(1,-1) the value gets wrapped to the right ranges to insure the function won't crash due to wrong input or too large outputs.

Note that for mod and for power, you need an extra value, which is supplied by an extra knob being shown when the function is selected. With a switch you can toggle which position (a or b) the incoming value and the knob take in the power(a,b) or mod(a,b).

After the math select the final math-result is being wrapped/reflected within a range set by the user and fed back to the start of the calculation at the next clock-pulse:

Range:The range-knob is used to set the maximum generated value (0-10). Depending on the wrap/reflect button the value gets wrapped/reflected when passing the max.

Offset: Before the value gets wrapped/reflected you can give it an extra end-offset. This could be seen as an extra +C as in the parabole-function.

Clock: With the clock display you can set the clock-divider of the respective pitch/velocity/base/chord sequence. Using this in combination with the rhythm speed, the same note-values can be triggered multiple times or multiple values can be jumped before the next one gets selected to be used as pitch/velocity/base/chord value for the triggered midi-notes.

Wrap/reflect: This is the post-wrapper which wraps the generated value of the sequence which lies between 0 and it's own max range to the width (see next alinea) of the actual note-values being send to the midi-generators (in case of the pitch-sequence and velocity sequence it's used for the generated midi-notes, in case of the base sequence, it's used for the range of the base-key and for the chord-sequence it's used as the range for chords). So if the inside range of the looper is 0-10 (which is pre-scaled to 0-127 to match the amount of possible midi-notes) while the lowest note is set to 30 with a with of 2 octaves, the range of the produced sequence is reduced to 2 octaves (value/(range*12.7)*2 octaves) by wrapping/reflecting it and add this to the base-offset of midinote 30.

The end scalers:

As mentioned, an end-scaling is applied to match the generated values to midi notes.

Base: Using this knob, you set the minimum midinote/velocity value for pitch/velocity sequence. In the base-sequence this represents the range of possible enharmonics to be played.

Width: The width sets the range from the base. 

It should be noted that the possible values for base and width are both possible to cover the whole range of minumum and maximum. So when base is set to zero and width set to maximum, the eg. velocity can still reach 100%. You can also set the base to half way and put velocity on max, this way the range is 50%-150%. As midinotes and velocities can't go higher, this will result in limiting to the maximum. So changing the base for eg pitch-sequence, transposes the whole generated melody. For velocity it fills up the space by playing each note harder and the width is used to create swing. Changing it for base-sequence will alter the range and offset of the enharmonics being used to glue everything together. For the chord it's used to set the range and offset of possible chord-combinations and progressions.

Pitch and velocity: external sequence feeding

Besides a dedicated LFO (see later section) the pitch and velocity sequences have an extra modulation option: a feed from one of the 5 other sequences being generated. This feed can be used to modulate a part in the calculation, before it's being send to the next one, eg. between shaper and parabole or parabole and math-select. Not only the two sequences are combined through some kind of modulation (math functions with 2 variables eg. A+B, A*B, A^B), the feeded signal itself has an extra math-select part like in the looped calculation. This allows for example the combination of pitch-sequencer A and B where A and B are always connected with each other. Of course any combination could be made for both pitch and velocity sequences in sequencer A and B.

Feed: Input select lets you chose the sequence which will module the current one: B=base, C=chord, Pa=pitch sequencer A, Pb=pitch sequencer B, Va=velocity sequencer A and Vb=velocity sequencer B.

Destination: With destination you set where in the calculation you apply the feed. You can chose between: pre-shaper, pre-(A*X^?) (which is the A*X(3/2/4) part), pre-B*X and pre-maths

Add to B: This adds a value-offset to the incoming feed-sequence.

B Width: Sets the width of the incoming feed-sequence, which itself is between 0-10 range.

Invert: Inverts the incoming feed signal.

Math select: Sets the math-function (sin, tanh,power etc) which is put over the incoming feed-sequence.

Modulation Mode: This sets the mode of modulation of the respective sequencer and it's feeding sequence. Several modes are available, like A*B and A^B, but also adding or subtracting the distance of the two.

LFO (Low Frequency Oscillator)

Using the dedicated low frequency oscillators you can modulate certain parts even further. The generated value of the LFO will be added to the value of the knob of the respective destination.

The LFO is basically the same as the shaper, but it's phase isn't modulated by the sequencers generated values as is in the shaper. Next to this, the LFO doesn't directly adds or subtract (except +C) it's value of the sequence, nor is used as a shaper, but rather modulates the value being used to module the sequence on that position. Like X(3/2/4) will modulate the mix between the ^2, ^3 and ^4.

Destination: Sets the destination of the LFO

Tempo: Sets the tempo of the LFO as (a/b) division of main tempo.

Width: Sets LFO-width

Waveform: Left-click and drag lets you control phase of LFO, right-click shows popup list for waveform and amount of harmonics based on selected waveform.


Recorder Section

With the recorder section you can record single knob movements from any knob of the vst and let this loop. All the knobs in the vst have been assigned an NRPN number, changing the knob/selector will send this change to the recorder, which records it in it's sequence. On play, the same NRPN number will be send the recorded value. Be aware that only 1 knob change can happen per step. Recording another knob on the same step will result in overwriting that step, thus deleting the former change.

Play and record: The play and record buttons are used to put the recorder into use. Note that when record is on, values recorded into the sequence won't be send back out to prevent endless midi-talkback. Only when record is off and play is on, will the recorder send it's recorded knob-changes.

Also, as record is on, an extra button will appear, allowing you to delete all recorded automation with a single press on a button.

Recorder tempo: using the knob (verticle drag) above the play and record buttons, you can set the tempo of the recorder, based on host tempo. With this tempo it runs through the sequence of recorded knob-movements and send the movements over NRPN to the knobs.

Readout Position and live/step: the readout position at the left of the play-button is both readout in LIVE-mode as a step-selector in STEP-mode. In step mode you can select the position yourself to where to record your knob-change. In live mode you record knobchanges 'on the go' while the sequencer is running. Both have their positives and negatives, but taken together should be of good support


Patch/Bank and System midichannel and timing-signature.

Lastly we have the patch/bank load/save/copy and rename functions, so you can rename and save your creations to a patch or bank on your computer (and maybe share them?).
Remember! When you alter a patch which you haven’t saved before, this information is GONE with the winds.. So if you have made a patch which strikes your heart… save it…! (and again, share it?)
Below system you can select the midichannel the vst uses to receive midi-parameters and midi patchchange information. Next to this, as different vst-hosts have different ways of timing their events, the time-signature can be adjusted to fit your host. As a rule, and understandably, the first note generated by the sequencer should be at the first count and when main clock is set to 1/1 as well as dividers and gatetimes, the sequencer should produce notes on-the beat. If there is an offset, change the timing-signature.

Note-button: when the round button in the right top corner is pressed, a screen will show up, giving you the opportunity to enter your own note about the patch, eg. to remind you about the mood or remember useful alterations.

4. Round up

Well, that's about it for the Automathico. 

I hope you have fun with it, if anyone needs any more tips, or help on the subject  or maybe some more vst which could help with routing the midi (like splitting the channels to different vsti who all respond to all midi channels), I would advice you to visit www.synthforum.nl. In my thread on http://www.synthforum.nl/forums/showthread.php?t=148955 I upload new free vst(i) all the time and help people with problems/bugs in the vst(i)'s I make. A dedicated website is in the planning, but needs some more time.

As this is an entry to the DC12 contest, I won't be able to make any adjustments till the contest is over. But if KVR doesn't mind, I'm willing to adjust parts to better the instrument if necessary. In the end, it's about making music, not a contest... Till now, all my vst's are free and I wish to keep it like this (as long as life allows it). As music is sound made and meant to be heard by ears, it should be reachable for any.

Yours sincerely,

SirSickSik

http://www.myspace.com/sirsicksik
http://www.soundcloud.com/sirsicksik (normally latest tracks)

http://www.audimated.com/sirsicksik (big bank of 150+ tracks, too bad minimum prize..)

http://www.synthforum.nl/forums/showthread.php?t=148955 (free vst(i))

5. Tips&Tricks
-If you give each note generator it’s own midichannel to send on and send the midichannels to different synthesizers, the melod/base structure will be divided over these synthesizers, giving you a completele orchestra where each instrument has it’s own place.

-As most of combinations of parameters in the pitch/velocity/base/chord sequencers won’t naturally tend to show recurring patterns, it’s advisable to make use of the sync-option a lot. As long as the shaper’s tempo is set to 0/# (thus off), the LFO not modulating anything and the feed put to off (select OFF in the math select), the sequence will make the same pattern over and over again. Adjusting the widths and tempo’s of shapers, LFO’s and feeds, you can adjust the amount of modulation which will make the melody develop on and on.

-when put in chord-mode, all the midi-note generators are send the main clock pulse at the same time. So giving them all the same divider value and gatetime (above 1/1) will result in four voices played at the same time. But, as you have moved one of the gatetimes, so the gate will jump less or more steps then the others, the respective notegenerator gets an offset in the trigger. Controlling these with the automation recorder can yield very interesting rhythmical results.

-when both the A* and B*X are set to middle position, the loop will be closed off and only the C+ value will be used for the following calculations. Combined with the feed function, this could be used to set a ‘fixed’ offset compared to the pitch of the other sequencer. Or you could send the LFO to the C+ input and use this in combination with a feed, to use the LFO as a basic value provider, which repeats the same values over and over again, but which, after this, will be adjusted by eg. the chord or base value.
-With the scale-automator put on, you can automatically switch from one scale/key to the other. This is also the reason why the scale and key knob have no readout on where you are as the way the algorithm has been build up, switching keys is kind of arbitrary as it’s mostly about enharmonic sustainment. The engine behind it makes sure that the key-jump will be right and naturally sounding to the ear (hopefully, till now it did well..but the extend of possible creations makes it likely that there could be some mistakes).

-It should be possible to interlink two automathico’s. The first one would control the second one with all it’s knobs, So changing the first one to a new patch (should) alters the knobs on the other. Then changing the values used for pitch and velocity sequences, should provide you with two sequencers following the same chords and enharmonics, but with different rhythms and melodies. BUT, although in my own theory this should be possible, I haven’t tried this yet, due to lack of time.
-Using ln in the math-selector will often force the sequence to move to one value. Using the LFO or feed, recurring pitch patterns are easily obtained.

-Putting the base-sequencer at 16 for it’s clock-divider and use it to feed the pitch-sequencer, which syncs after each 3 steps, a new 3-step pattern is generated with each new base value. If you further use the dedicated LFO to also sync the pitch sequencer, it creates ongoing melodic, but periodic changes.

More to come..?
