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Welcome to Building in Primary

1 Welcome to Building in Primary

Welcome to Building in Primary, a tutorial for building in REAKTOR’s Primary level. It de-
scribes the functions in REAKTOR that relate to building custom instruments, effects, or se-
quencers, enabling you to modify existing Ensembles or create your own.

This document assumes you are already familiar with the REAKTOR interface, as well as load-
ing and playing with Ensembles. At the least, you should have read the chapters in the REAK-
TOR 6 Diving Deeper document regarding navigation in the Structure View.

This document begins with an introduction to basic functions and concepts, followed with a
collection of tutorials. These tutorials introduce building concepts through common examples.

The final sections are guides to additional building features available in REAKTOR, as well as
some general tutorials for general building tasks (like skinning controls, and preparing Ensem-
bles for the KOMPLETE PLAYER Browser).
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Welcome to Building in Primary
The REAKTOR 6 Documentation

1.1 The REAKTOR 6 Documentation

File Edit Settings Options View Helpl}

©. REAKTOR Launch Service Center 130.0

o Open What's Mew

Player Library Open Getting Started
Open Diving Deeper
Open Building in Primary

Open Building in Core

Visit Reaktor on the Web
Visit the Knowledge Base
Visit the UserLibrary on the Web

About Reaktor 6

Maonark.ens

The REAKTOR documentation is accessible from the Help menu

The documentation for REAKTOR 6 is divided into five separate documents, guiding you from
loading and playing pre-built Ensembles to building your own Instruments.

e REAKTOR 6 What Is New is written for users who are already familiar with previous versions
of REAKTOR and only describes the latest features in brief.

e REAKTOR 6 Getting Started is for new users. It is the only document needed for users who
intend to use REAKTOR for loading and playing pre-built REAKTOR instruments and ef-
fects.

e REAKTOR 6 Diving Deeper expands on the concepts introduced in the Getting Started docu-
ment. It provides more detail on subjects like Snapshots (REAKTOR's preset system), and
introduces advanced topics like OSC control and combining multiple Instruments in one
Ensemble.
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The REAKTOR 6 Documentation

e REAKTOR 6 Building in Primary shows you how to build your own Instruments in REAK-
TOR’s Primary level. It focuses on a series of tutorials that guide you through building
your first synthesizers, effects, and sequencers.

e REAKTOR 6 Building in Core describes the Core level of REAKTOR with its low-level build-
ing features, which can be used for implementing custom DSP algorithms. It includes ref-
erence information about the Core Macro Library, an comprehensive collection of DSP
building blocks.

With the exception of the What Is New document, each of the documents listed above builds
on the knowledge of the previous documents. While it is not necessary to read all of every
document, some of the more advanced documents, like Building in Primary, assume knowl-
edge from the previous documents.
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Welcome to Building in Primary

Manual Conventions

Manual Conventions

This section introduces you to the signage and text highlighting used in this manual.

e Text appearing in (drop-down) menus (such as Open..., Save as... etc.) and paths to loca-
tions on your hard disk or other storage devices is printed in italics.

e Text appearing elsewhere (labels of buttons, controls, text next to checkboxes etc.) is
printed in blue. Whenever you see this formatting applied, you will find the same text ap-
pearing somewhere on the screen.

e |mportant names and concepts are printed in hold.

e References to keys on your computer’s keyboard you’ll find put in square brackets (e.g.,
“Press [Shift] + [Enter]”).

1. Single instructions are introduced by this play button type arrow.
= Results of actions are introduced by this smaller arrow.

An indented, gray paragraph contains additional, contextual information.

Furthermore, this manual uses particular formatting to point out special facts and to warn you
of potential issues. The icons introducing these notes let you see what kind of information is to
be expected:

S

®

The speech bubble icon indicates a useful tip that may often help you to solve a task
more efficiently.

The exclamation mark icon highlights important information that is essential for the giv-
en context.

The red cross icon warns you of serious issues and potential risks that require your full
attention.
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2 Introductory Topics

2.1 Browsing and Loading Modules and Macros

The Primary level of REAKTOR uses two types of building-blocks to create structures, these
are:

e Modules: These are the lowest level of building-block in the REAKTOR Primary level.

e Macros: These are containers used to group together sub-structures of other Modules and
Macros.

There are a few different ways to browse for and load Modules and Macros.

2.1.1  Using the Context Menu

Clicking the right mouse button (or [Ctrl] + click on OSX) on any empty area in the structure
view will open the context menu.

Built-ln Module
Library

Searchbox ...

Mew Instrument
Mew Macro

Mew Core Cell

Paste

Import Ensemble ...

Save Ensemble As ...

The Context Menu.
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For the purposes of browsing and loading Modules and Macros, you will only need to use the
following entries:

e Built-In Module: Opens a sub-menu from which you can browse for Modules. Once you
have located the Module you wish to load, click on its name in the menu.

e Library: Opens a sub-menu from which you can browse for and load Macros, and Instru-
ments.

e (Open Searchbox: Opens the Searchbox, which is covered in section 12.1.2, Using the
Searchbox 12.1.2, Using the Searchbox.

¢ New Macro: Creates a new empty Macro.

The Context Menu is a useful thing to use when you are unsure of the name of the Module or
Macro you wish to load.

2.1.2  Using the Searchbox

When you are familiar with the Modules and Macros available in REAKTOR, you may find it
faster to use the Searchbox to browse for and load content.

1. The fastest way to open the Searchbox is to press the [Enter] key when in the structure

view.

2. Alternatively, you can open the Searchbox by selecting Open Searchbox in the Context
Menu.

3. With the Searchbox now displayed, you can search for a Module or Macro by typing its
name.

T
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4. The Searchbox will autocomplete your entry.

por

[I] HWW Mote Pressed Su pport (HW Control)

In Port

Out Port

5. When the Module/Macro you wish to load appears, you can load it by clicking on its name.

6. If the Module/Macro you want is the first or only entry that appears, you can load it by
pressing [Enter].

7. You can also select from the list by using the arrow keys, before clicking [Enter].
@ When you next open the Searchbox, it will display a list of your most recently loaded

Modules and Macros. You can then load any of the Modules/Macros in this list as you
would normally.

@ You can also search for mathematical functions by typing their symbol rather than their
full name. For example, typing “*” will load the Multiply Module and typing “+” will
load the Add Module.

@ You can also search for mathematical functions by typing their symbol rather than their
full name. For example, typing “*” will load the Multiply Module and typing “+” will
load the Add Module.

2.2  Connecting Modules and Macros

REAKTOR uses wires to connect the input and output Ports of the Modules and Macros.

1. Connecting two Ports is as simple as clicking on one port, dragging a wire to another Port,
and then releasing the mouse to create the connection.
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However, there are some rules to making connections:
e Wires can only be used to create a connection between an output Port and an input Port.

e An input can only ever accept one connection at a time, but an output can make multiple
connections.

e Event outputs can connect to Audio inputs, but not vice versa.

2.2.1  Creating Ports with Wires

Some Modules and all Macros will allow you to make new ports by holding the [Ctrl]/[Cmd] key
while dragging a wire.

Modules that can accept additional ports are identified by the ... below their lowest
port.

2.3  Event Signals and Audio Signals

The Primary level of REAKTOR uses two main signal types:

e Audio: Audio signals run at the audio rate (typically 44.1kHz or 48kHz). Anything that
produces audio (like an oscillator), processes audio (e.g. a filter), or requires a high level
of fidelity (e.g. an envelope), should use Audio signals.

e Event: Event signals run at a slower rate, known as the Control Rate, the default value of
which is 400Hz. Since they run at a slower rate, event signals require less CPU, but have
less fidelity. This makes them ideal for signals which we do not directly hear. For exam-
ple, the pitch input for an oscillator uses Event signals, as our ears cannot perceive
changes in pitch at rates faster than the Control Rate. Event signals are also useful when
creating displays or sequencers.

Certain ports are predefined to send or receive one kind of signal. These ports are color-coded:
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e Light Grey ports are Audio ports.

Filter

e Yellow ports are Event ports.

Some Modules can operate at either the Audio Rate or the Control Rate. Most Math Modules
can operate at either rate.

e Dark Grey ports show that the Module can operate at either the Audio Rate or the Control
Rate.

e The processing rate of these Modules depends on how the ports are connected:

o |f all ports are connected to other Event ports, then the Module will run at the Control
Rate.

o If any of the ports are connected to an Audio port, then the Module will run at the
Audio Rate.

There are also Modules with hollow or black Ports. This shows that the Module can accept
Event signals or Table References.

Table References will be explored in detail in the tutorial in section 18, Drag and Drop
Sampler 18, Drag and Drop Sampler.
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24  Mono and Poly Modes

Many Modules have two modes of operation: Monophonic (mono) and Polyphonic (poly).

These modes are a common stumbling block for users who are new to REAKTOR, as
their function is not always obvious.

e Monophonic Modules will only process a single signal.
e Polyphonic Modules can process a separate signal for each voice.
The easiest way to think of these concepts is how you would think of synthesizers:
e Monophonic synthesizers can only produce a single note at a time.
e Polyphonic synthesizers can produce several notes at once.
The mono/poly modes in REAKTOR work much in the same way.

Another way to think about it is like this: a monophonic Module is a single item, whereas a
polyphonic Module is like a simplified representation of several duplicate Modules, one for
each voice.

You can see if a Module is set to mono or poly mode by looking at the icon to the bottom right:

e |f the icon is of a single note, then the Module is monophonic.

e |f the icon is of two notes, one on top of the other, then the Module is polyphonic.

It is possible to connect the output of a monophonic Module to the input of a polyphon-
ic Module, but it is not possible to connect the output of a polyphonic Module directly
to monophonic Module.
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Connecting a polyphonic Module to a monophonic Module will produce an error and the con-
nection will not work. A connection like this will be colored red and an “!” will mark the input
of the monophonic Module.

A Polyphonic Module Connected to a Monophonic Module

This kind of warning is reserved exclusively for this kind of error.

24.1  Setting the Number of Polyphonic Voices

By default, the Ensemble that is created when you select File -> New Ensemble has its num-
ber of voices set to 1. This effectively makes everything in the Ensemble monophonic, regard-
less of the individual mono/poly settings of the Modules. This is because a polyphonic module
that only uses one voice is functionally the same as a monophonic Module.

For some cases, like creating a polyphonic synthesizer, you will need to change the number of
voices.

1. Create a New Ensemble.

2. Select the Ensemble by clicking in an empty space, or on the Ensemble Header.

3. Open the Ensemble's Properties in the Side Pane.

Ensemble

Function  Info

4. In the Function tab is an area called VOICES.
5. Locate the Voices parameter, which should be set to 1.

6. Click and drag on this number to change it.
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7. Alternatively, you can also double-click on it and type in a specific number (in the range
of 1 to 1024).

VOICES

Lock Voices

The Lock Voices option below the Voices parameter disables the editing of the properties relat-
ed to polyphony. If your Ensemble requires a specific number of voices to function correctly,
checking this box will help to avoid accidental editing of the Voices parameter.

24.2  Setting the Mono State of a Module

Any Module that can be either monophonic or polyphonic will have an option in its properties
for this setting.

The Mono setting is located in the STATUS section of the Function tab.

The Mono Option.

e Checking this box will set the Module to be monophonic.
e Unchecking this box will set the Module to be polyphonic.
It is also possible to set the mono/poly state of a Module without entering the properties:

1. Right-click on the Module to open a menu.
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2. Select Mono to set the Module monophonic mode.

Ladder Fi

Copy
Duplicate

Delete

Properties

3. Re-opening the menu and unchecking the Mono option will set the Module to polyphonic
mode.

24.3  Polyphony and Macros
Macros also have a Mono option in their menu; however the functionality is a little different.

A Macro is never truly monophonic or polyphonic, but checking the Mono option will set all
Modules inside the Macro to be monophonic.

In other words, setting the mono/poly state of a Macro is a shortcut to changing the settings of
all the Modules within the Macro, rather than being a state of the Macro itself.

However, it is then possible to enter the Macro and set a single Module to be polyphonic, with-
out altering the mono/poly state of the Macro.

244 \Voice Combhiners

Voice Combiners are Modules that can be used to merge a polyphonic signal into a monophon-
ic signal.

The outputs of REAKTOR are monophonic, since they can only output a single audio signal.
Therefore, Voice Combiners are important to add before the final output of any Ensemble that
uses polyphonic signals.
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Audio Voice Combiners.
Voice Combiner Modules merge polyphonic signals into a monophonic signal.

@ In some cases it may be necessary to use voice combiners before the Ensemble output
ports, for example, if you are using effects like Delay or Reverb.

2.5 Debugging

Debugging is always an important part of development, and REAKTOR is no exception. As
such, REAKTOR has a handful of built-in tools for debugging.

1. The debugging tools are located in the Options menu, under Debug Structure.

&. REAKTOR ~ »

File
Edit
Settings
Options « Run Audio
View
Help

Ensemble
Function Info

Run Clock
+ Reset Clock

STATUS

Mute
MIDI OSC Learn
Unlock Panel

» MIDI keyboard activated

Debug Structure « Enable Wire Debugging
Measure CPU Usage %
Show Module Sorting
Show Event Init Order

TUNE
Tune
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2.5.1  Wire Debugging

When debugging in REAKTOR, it will be common for you to want to see the value of a signal as
it passes from Module to Module, and Wire Debugging is quick and easy way of doing this.

There are two ways of activating Wire Debugging:

1. In the structure view, click on the bug icon to the left of the breadcrumb navigation.

Or...

1. Enter the Options Menu.
2. Select Debug Structure to display the debugging tools.
3. Click on the Enable Wire Debugging option.

With Wire Debugging active, you can hover the mouse over any wire in the structure and see its
current value.

Wire Debugging.

If the value is changing faster than the display refresh rate (i.e. if it is an audio signal), then
you will be shown the minimum and maximum values that pass through the wire, like this:
4n -
Va LPY e~

.I". i
e Ladder Filter | 4]

g =]

\aR Ao 1. 6678 .. 0. 0910527

Slp

Debugging an Audio Signal.

If the wire is polyphonic, then you will be given a list of the values on each voice:
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LPie——=

=,
Ladder Filter | [
S

: OFf, -0.86747 ... 0.0uL3179

43, -0.658479 ... 0.0330186
i : OFf, -0.706426 ... 0. 04394y
H i : Off, -0.03168 ... 0. 0636669
i : 38, -0.4ug2q ... 0. 0515673
: Off, 0O ... 0.044657

Debugging a Polyphonic Signal.

2.5.2 CPU Usage

In REAKTOR, it is possible to measure the CPU usage of the individual elements in your struc-
ture. This can help you locate any areas that may be causing CPU spikes, or that could be opti-
mized.

To toggle the Measure CPU Usage option on or off:

1.  Enter the Options Menu.
2. Select Debug Structure to display the debugging tools.
3. Click on the Measure CPU Usage option.

Options | View Help

+ | Run Audio Ctrl+R

Run Cleck Space
Reset Clock Ctrl+5pace
MIDI & OSC Learn Ctrl+M
Unlock Panel Ctrl+E

MIDI keyboard activated

Debug Structure 2 Enable Wire Debugging Alt+D
Measure CPU Usage Alt+C
Show Medule Sorting Alt+5

Alt+R

Show Event Init Order

With this option activated, you will be able to see numbers in place of the names of some of
the Modules and Macros.
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N7
[Fitch and Gt |2

m Slope

Measuring CPU Usage.

These numbers show the CPU usage of the Modules and Macros.

If a Module or Macro does not have a number, this means that its CPU usage is less than
0.1%

All audio outputs will be muted while the Measure CPU Usage option is active. They will
return to normal when the option is deactivated.

2.5.3  Module Sorting

In Primary Level when performing signal processing with Audio signals, the order of operations
becomes important. This is particularly crucial if you have feedback in your Structure.

You can use the Module Sorting Debug Tool to see in which order the operations are performed
on your Audio signal.

To toggle the Measure CPU Usage option on or off:

1. Enter the Options Menu.
2. Select Debug Structure to display the debugging tools.
3. Click on the Show Module Sorting option.
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P
*——# Ras .

I
e P 1",' &

- _,f.
~#R k Out &

Slp

The Module Sorting of Audio Modules.

With this Debug Tool active, a purple display for each Module shows its place in the sequence
in which the operations are performed on the Audio signal.

Note that only Audio Modules have Module Sorting numbers, Event Modules have no Module
sorting number.

2.5.4  Event Initialization Order

When you load an Ensemble, it goes through a process called Initialization. During this proce-
dure, the Modules are initialized in a certain order and each only once.

At the moment of its Initialization, the Module looks at all values that have arrived at its input
ports and then sends the appropriate values and/or Events from its output port(s). In more
complex Structures, Event Initialization becomes a crucial part of your Structure. Some Mod-
ules require Events to arrive in a certain order at their input ports before functioning in the in-
tended way.

To see the order in which Modules that process or send Events are initialized, use the Event
Initialization Order Debug Tool.

To toggle the Event Initialization Order option on or off:

1. Enter the Options Menu.
2. Select Debug Structure to display the debugging tools.
3. Click on the Show Event Init Order option.
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Modules displaying their Event Init Order.

With this Debug Tool active, a magenta display for each Module shows its place in the se-
quence in which Event functions are initialized.
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3 Subtractive Synthesizer

3.1 Overview

REAKTOR is a visual programming environment, allowing you to build musical tools specific to
your own needs. This tutorial will introduce the basic skills needed to build your own Ensem-
bles from the components in the Macro Library using a subtractive synthesizer as an example.

3.1.1  Previous Knowledge

This tutorial assumes you have read all of the documentation up to this point and that you are
familiar with REAKTOR's interface and basic functionality, including how to navigate in the
Structure View.

The tutorial also assumes that you have set up your Audio and MIDI devices and are able to
play REAKTOR Ensembles from the Factory Library.

3.1.2  The Theory

In its most basic form, a subtractive synthesizer is an oscillator routed through a filter. A har-
monically rich waveform, like a saw wave, has its harmonics subtracted by the filter, hence the
term subtractive synthesis.

However, even early synthesizer designers knew that a single oscillator and a single filter were
not enough on their own and that modulation was required to change the sound over time. Am-
plifiers, LFOs (Low Frequency Oscillators) and Envelopes were added to give sound designers
and musicians more flexibility.

In this tutorial, you will use the Macro Library to build a subtractive synthesizer, learning the
basics of building in REAKTOR along the way.

Overview
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3.2 Tutorial

3.2.1  Setting Up
Before you begin building, you need to have REAKTOR running in Edit Mode.

1. If Edit Mode is not already enabled, activate it by clicking on the EDIT button in the tool-
bar.

Jo) k Un

Next, you need to create a new empty Ensemble.
1. Create a new empty Ensemble by entering the File menu and selecting New Ensemble.

&. REAKTOR ~ »
L File

Untitled Snapshot

MNew Ensemble
Open Ensemble h

Edit
Player Library
Settings Recent Files »
et Save Ensemble

* T v w w ¥

B3 Ensembles View Save Ensemble As ..
Al Save Ensemnble Copy As ...
Show in Folder

2. Alternatively, you can use the shortcut [Ctrl] + [N] ([Cmd] + [N] on OSX)
When you create a new Ensemble in Edit Mode, it loads with the screen already split horizon-
tally, with the Panel View on top and the Structure View below.
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Ens - New

The New Ensemble, as it appears when first loaded.
This kind of split-screen setup is useful when building something like a synthesizer, as

you can view the Panel and the Structure at the same time, allowing you to edit them
both without navigating back and forth.
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3.2.2  Building a MIDI Controlled Oscillator

For this synthesizer, there will be one oscillator, the amplitude of which will be controlled with
an AHDSR envelope. So the first step towards building this will be to create these elements.

1. In the Structure View, right-click on an empty space to open the Context Menu.
2. Navigate to the Library entry to view the Macro Library.

Built-In Module

.Librar}r - Debug

Searchbox ... - Oscillator

- Sampler

- LFQ, Envelope
- Filters

- Studio Effects
- Mixer

Import Ensemble ... - Arpeggiator, Sequencers

Mew Instrument
Mew Macro

Mew Core Cell

Paste

Save Ensemble As ... 09 - Utility, Display

Load ...

3. Inthe 02 - Oscillator sub-menu, select OSC Sync.
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= The OSC Sync Macro will be inserted into the Structure and will also appear on the Ensem-
ble Panel.
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1. To create an AHDSR Envelope, repeat the above process, only this time select the AHDSR
entry in the 04 - LFO, Envelope sub-menu.

Built-In Module
Library 01 - Debug
Searchbox .. 02 - Oscillator

03 - Sampler
04 - LFO, Envelope AHDSP%

Mew Instrument

MNew Macro

New Core Cell 05 - Filters Env FollGwer

06 - Studio Effects LFO
Peste 07 - Mier

Impert Ensemble ... 08 - Arpeggiator, Sequencers

Save Ensemnble As ... 09 - Utility, Display

Load ...

With the two elements created, the next step is to wire them together.

1. Click and drag with the mouse to create a wire from the Out Port of the OSC Sync Macro
to the In Port of the AHDSR Macro.

hSnc

05C Sync HO El

The AHDSR Macro has its own internal amplifier, so connecting the oscillator to the envelope in
this way means that the envelope will control the output volume of the oscillator.
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The output of the AHDSR Macro will be the final output of the synthesizer for now, so the next
step will be to connect it to the Ensemble outputs. However, there are two Ensemble Out
Ports, one for each of the stereo channels (left and right). To produce a sound from both
speakers, the output of the AHDSR should be connected to both ports. Fortunately, REAKTOR
allows you to make multiple connections from one output port to multiple input ports.

1. Create connections from the Out Port of the AHDSR Macro and to the input ports of both
of the Ensemble Out Ports.

Out .-—. Out -H

ml
mS
mpk

Fose [

With the two Macros created and connected, it is a good time to arrange the controls on the
Ensemble Panel.

Looking at the Panel view, you can see that the AHDSR Macro was created on top of the OSC
Sync Macro.

| N - Eend - (N

The Panel View

In order to make the Ensemble usable, you should re-arrange the Macros so that they are not
obscuring each other in this way.

1. Unlock the Ensemble Panel by clicking on the padlock icon.

& Pan

REAKTOR 6 - Building In Primary - 40



Subtractive Synthesizer

Tutorial

2. Click on the title of the AHDSR Macro to select the whole Macro and all of the controls
contained within it.

3.  Move the Macro so that it is no longer overlapping with the OSC Sync Macro.

4. When you are finished, lock the Panel by clicking on the padlock again.

Whichever Macro was last selected in the Structure View will be the Macro that is on the
top layer on the Panel. This means that the OSC Sync Macro could be on top of the
AHDSR Macro, but the principal of moving the Macros remains the same.

With the Macros connected and the Panel arranged, the next step is to make the instrument
playable. To do this you will need to connect MIDI Pitch and Gate messages to the Ensemble
Structure. The MIDI Pitch will control the pitch of the oscillator and the Gate will be used to
trigger the envelope.

The Macro Library includes a Pitch and Gate Macro that you can use for this. To speed up the
process, you can use the Searchbox to load this Macro.

1. In the Structure View, press [Enter] to open the Searchbox.
2. Type "Pitch and Gate" into the Searchbox.

Pitch and Gate x

I'j:'fﬂ Pitch and Gate (09 - Utility, Display)

3. Press [Enter] to insert the Pitch and Gate Macro into the Structure.
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REAKTOR's Modules and Macro Library use a number of standard abbreviations for Port
names. A port named P is always for pitch, and a G Port is always for gate signals.

1. Since the MIDI Pitch will control the pitch of the oscillator, connecting the two Macros to
accomplish this is a case of connecting the two P ports to each other.

- oF
F

Pl
hSnc

| 05 syncHo S|
2. The same logic applies to the G Ports of the Pitch and Gate Macro and the AHDSR Macro.

|
Pitch and Gate | 3|

o
=
|
|
|
|

E
G |

Pitch and Gate | 3|

S |4

= With the Pitch and Gate connections made, play the MIDI keyboard to hear a sound.

As a final step, you will need to re-arrange the Ensemble Panel to accommodate the Pitch and
Gate Macro.

1. Unlock the Ensemble Panel.
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2. Move the Pitch and Gate Macro so that it is not overlapping with the other Macros.

0OSC Sync HO

Hard Sunc

3.  When you are finished, lock the Panel.

You have just created a basic synthesizer that you can play with a MIDI Keyboard.

3.2.3  Adding the Filter

The synthesizer you have created is only the first part of a subtractive synthesizer: the oscilla-
tor. The next step is to add the second part: a filter.

For this part of the tutorial, you will use the Library tab in the Side Pane to load the filter Mac-
ro.

1. If the Side Pane is not already open, open it now by clicking on the magnifying glass icon
in the toolbar.

KTOR Dk

2. With the Side Pane open, click on the magnifying glass tab to open the browser.

&. REAKTOR o
o

B‘:a'_-,rr: r Library
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Click on the Library tab to display the Builder Library content.
yo)

Player Library

le Filter.mdl

‘A Filter.mdl
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Click and drag the State Variable Filter into the Ensemble Structure.
Pitch and Gate

iable Filter.mdl

Release the mouse to insert the State Variable Filter Macro into the Structure.

= The State Variable Filter Macro will be added wherever you dropped it.

The State Variable Filter should be connected to the end of the Ensemble Structure, in order
for it to process the audio coming from the oscillator.

1.

2.

3.

Remove the wires connecting the AHDSR Macro to the Ensemble Outputs by selecting
them and pressing the [Delete] key.

Connect the State Variable Filter as illustrated below.

h

05C Sync HO El

Ge¥——— %[5

Pitch and Gate | 3]

|Jtl|¢=i o E

State Yariable Fi 3]

Aose [

Return to the Panel View and Unlock the Panel.
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4. Move the State Variable Filter so that it is not obscuring any other Macros.

Pitch Ds2 |
Wel |

0OSC Sync HO

Bandpass

Highpass
Motch

5.  Lock the Panel.

= Congratulations! You have built a playable subtractive synthesizer in REAKTOR.

3.24  Modulating the Filter

A static filter, like the one that is currently in your synthesizer, does not sound very interesting.
However, with REAKTOR you can always build more! By connecting the envelope to the filter,
you will be able to modulate the filter to alter the timbre of the synthesizer over time.
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1. The most simple way of doing this is to connect the Env output of the AHDSR Macro to
the mC (modulate Cutoff) input of the State Variable Filter.

utl
E

However, this doesn't allow you to control the modulation amount.

To add control for the modulation amount, you will need to start using Modules, which are the
basic building blocks in REAKTOR.

The basic skills required to use Modules are not much different from those you have developed
already.

To control the modulation amount, there needs to be a multiplier between the envelope and
the filter, and a knob to control the multiplication amount.

1. Inthe Structure View, open the Searchbox by pressing [Enter]
2. Type "Multiply" and press [Enter] to create a Multiply Module.
|'|'|u|r.i|:||j,-|

@ Multiply

w

Open the Searchbox again and type "Knob" to create a Knob Module.
4. Connect the Knob to the Multiply Module.
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5.

Connect the Multiply Module to the Ensemble Structure between the AHDSR Macro and

the State Variable Filter Macro, as illustrated below.

In

i
-l

| -

= |ETRETE

EXE

Double-click on the Knob to re-name it.
Re-name the Knob "Env -> Filt"

Out

Env ~& il
-

[ Env > Filt &—»

ERE
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8. In the Panel View, move the new Env -> Filt knob so that it is not obscuring any other
controls.

Pitch € -2 |
vel [EH |

0OSC Sync HO

Env = Filt

[}

= Turn the Env -> Filt knob to control the intensity of the modulation from the envelope to
the filter.

3.2.5  Adding Polyphony

The synthesizer you have created is monophonic; it can only play one note at a time, making it
impossible to play chords.

By increasing the number of Voices in the Ensemble, you can make the synthesizer polyphon-
ic, i.e. capable of producing several notes at once. The number of Voices directly affects the
number of notes you can play at once, so an Ensemble with 3-Voice polyphony can play up to
three notes at any one time.

Before you change the number of voices, you will need to create an Audio Voice Combiner.

The importance of Voice Combiners, as well as their use in this scenario, is described in section
12.4.4, Voice Combiners 12.4.4, Voice Combiners.
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In the Structure View, open the Searchbox by pressing [Enter]

Type "Audio Voice" into the Searchbox and the Audio Voice Combiner Module will appear
in the results.

N =

audio voic E|

% Audio Voice Combiner

3. Press [Enter] to insert the Audio Voice Combiner into the Structure. It will appear as a
Module labeled with the } symbol.

4. Connect the Audio Voice Combiner between the State Variable Filter Macro and the En-
semble Out Ports.

In

~#mC

[Stre varne vl I

< | 0
["- -"] Oute—w Out H
-1 l l :: Out H

= With the Audio Voice Combiner connected, changing the number of voices will not cause
any errors.

The next step to add polyphony to the synthesizer is to increase the number of Voices in the
Ensemble. This can be done in the Ensemble Properties.

1. Select the Ensemble by either clicking on an empty space in the Structure View, or by
clicking on the Ensemble Header.

Pitch C -2 1 R

2. Click on the Properties tab (the checkbox icon) in the Side Pane.
3

Function Infa Wiew

| Ensemble
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3. The Properties should open on the Function tab, but if it does not, click on the Function
tab.

Functiog

L3

5. The Voices parameter in this section is currently set to 1, making the Ensemble mono-
phonic.

6. Change the Voices parameter in this section either by clicking on the value and dragging
to a new value, or by double-clicking on the value and entering a new value with the key-
board.

7. Set the Voices parameter to 8.

= You can now play up 8 notes at once.

Playing several notes at once may cause REAKTOR's output to overload, so you should
reduce the master output level in the Toolbar to avoid this.

Congratulations! You have created a polyphonic subtractive synthesizer in REAKTOR.
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3.3  Going Further

By connecting more Macros to your synthesizer, you will be able to expand it in any number of
ways. For example, you could connect an LFO to also modulate the filter cutoff.

DSC Sync HO El

G

Pitch and Gate || ) : n

mH ut +——we -~ Out H

mC .
) “a Out -2
r::_: State Wariable Fi H H H

E‘ — /-FJ

LFII Filt o—lo

Adding LFO Modulation

You could add a second oscillator for Frequency Modulation (FM)

Out &,
“'\

Pitch and Gate | 3]

Out #——=m

hsne FH1Scale | J]
05C Sync HO El

An FM Structure
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You can even add some effects after the Audio Voice Combiner.

l—| l—|
In
Out #—= ll‘ LH Out
e <5 T L EE

FH Out
Emrrrne E Erramp o L
T

Adding Chorus and Delay Effects

By experimenting with different Macros and signal routing, you can create any number of dif-

ferent sound tools.

3.3.1  Related Factory Content

2-0sc is a relatively simple subtractive synthesizer Ensemble that can be found in the Factory

Library in the Synthesizers folder.

Its structure is organized into Macros like the synthesizer you have built, and these Macros are

well labeled, making it easy to navigate.

SR P

Filter Enw

‘
g |

fre

The 2-Osc Structure

Steran Delay
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This not only makes it a good example for learning REAKTOR, but also makes it an easy En-

semble to customize.

Junatik is another simple subtractive synthesizer with a Structure that is also easy to read.

(o]

EECNNE [

- re—s k H
RN [CTENE ETE

The Junatik Structure
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4 Echo Effect Macro

4.1 Overview

Macros are a very useful way of containing sections of a larger Instrument or Ensemble project.
This tutorial will lead you through the process of building your own Macros with Built-In Mod-
ules, using an echo effect as the example.

41.1  Previous Knowledge

This tutorial assumes you have read the previous chapters of this document, and so are famili-
ar with the following concepts:

e How to navigate REAKTOR's Structure View.
e The difference between Audio and Event signals.
e Polyphony in REAKTOR.

e How to create wires between ports.

41.2  The Theory

In its most simple form, an echo effect takes an audio signal and adds a time delay to it; this
delayed signal is then mixed with the original signal to produce something resembling an echo.

A signal flow diagram of this effect is as follows:
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Input Output
Time Delay

The Signal Flow Diagram of a Basic Echo Effect

It is then possible to add repeating, decaying echoes by feeding the delayed signal back into
the delay input, like this:

Input Output
\—?— Time Delay |

The Signal Flow Diagram of an Echo Effect with Feedback

This tutorial will guide you through the process of building the simple echo effect using a delay
module, before modifying it to include feedback and tempo-sync options.

4.2  Tutorial

4.2.1  Setting Up

For this tutorial you will need to start with an empty Ensemble:
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1. Create a new empty Ensemble by entering the File menu and selecting New Ensemble.

&. REAKTOR ~ »

Untitled Snapshot

yol File 3 MNew Ensemble h
Player Library Edit » Open Ensemble ...
Settings  # Recent Files »
thiuns 4 Save Ensemble
B3 Ensembles View b Save Ensemble As ..
Al ' Save Ensemnble Copy As ...
Show in Folder

2. Alternatively, you can use the shortcut [Ctrl] + [N] ([Cmd] + [N] on OSX)
Next you can create an empty Macro inside which you will build your echo effect.
To create an empty macro:

1. Right-click in the Ensemble Structure to open the Context Menu.
2. Click on New Macro.

Built-In Module
Library

Searchbox ...

Mew Instrument

MNew Macro I,\\S

MNew Core Cell
Paste

Impert Ensemble ...

Save Ensemble As ...

= You have now created a new empty Macro.

Your structure should now look something like this:
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e Out H
& Out EH

How your structure should currently look

In order for the Macro to receive and send audio signals, you will need to create input and out-
put ports.

You can create ports in two ways:

Enter the Macro by double-clicking on it.
Press [Enter] to open the Searchbox.
Type "In Port" into the Searchbox.

In Port

@ InPort

Press [Enter] to create an /n Port Module. This Module also creates an input port on the
Macro container.

Repeat steps 2, 3, and 4, only this time enter "Out Port" into the Searchbox.

Out Po r'l:|

@& Out Port

= The Macro will now have one input port and one output port.

Alternatively, you can create ports without even entering the Macro:

1.
2.
3.

If you are not already there, navigate to the top level of the Ensemble structure.
Click on the output of the top /n Module.

While holding down both the mouse button and the [Ctrl] key on your keyboard (or [Cmd]
key for OSX), drag a cable to the left side of the Macro.
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4. When you reach the edge of the Macro, an In port should appear.

5. When this happens, release the mouse button and then release the [Ctrll/[Cmd] key. This
will create a wire from the output of the In Module to a new In port on the Macro.

6. Repeat this process, only this time drag the wire from the input of the top Outf Module to
the right edge of the Macro.

= The Macro will now have an input port, and output port, and wires connecting these ports
to the Ensemble's first audio inputs and outputs.

1. With the Macro's ports created, Wire them to the Ensemble inputs and outputs like this:

A SEEEmE

T ——— 2 Ot Eﬂ

To keep things organized, re-name the Macro:

1. Double-click on the Macro's name.
2. Typein a logical name, like "Echo FX"
3. Press [Enter] or click away from the Macro to set these changes.

In [fff] Out

|

While working on an Ensemble's structure, it is often a good idea to deactivate the audio en-
gine while you work. If your computer is connected to speakers and an active microphone, cre-
ating an effect could cause feedback between them.
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1. Deactivate REAKTOR's audio engine by clicking on the power button to the top right.

ot [m
Y 3000

3

4.2.2  Building the Simple Echo Effect

1. If you aren't already in the Echo FX Macro's structure, enter it now by double-clicking on
the Macro.

Since REAKTOR is a visual programming environment, you can use the signal flow diagram
from earlier as a template for what you will need to build in the structure:

Input Output
Time Delay

The Echo Effect Signal Flow Diagram

To build this structure you will need three Modules: Single Delay, Multiply, and Add.

The Multiply Module will be used to set the volume level of the delayed signal and the Add
Module will be used to add the input signal to the delayed signal.

1. Right-click to open the Context Menu.
2. Navigate to Built-In Module and then select Delay.
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3. Select and click on Single Delay to create a Single Delay Module.

Built-In Module
Library

Searchbox ...

Mew Instrument
MNew Macro

MNew Core Cell
Paste
Parent in Other Pane

Impert Ensemble ...

Save Macro As ...

Panel

MIDI In
MIDI Out
0sC

Math

Signal Path
Oscillator
Sampler

Table Framework
Sequencer

LFQ, Envelope
Filter

Delay

Audic Modifier

Event Processing

Auxiliary

Terminal

Single Delay %
Multi-Tap Delay

Diffuser Delay

Grain Delay
Grain Cloud Delay

Unit Delay

4. Open the menu again and navigate to Built-in Module followed by Math.

5.  Click on Add.

6. Return to the Math section of the menu and click on Multiply.
= You now have all the basic Modules you need to build the echo.

@ Alternatively you can open the Searchbox by pressing the [Enter] key, and then type
"single delay" to locate the module directly. You can also search for mathematic mod-
ules by typing the corresponding symbol into the Searchbox, so you can type * to find

the Multiply Module, and type + to find the Add Module.

® If you haven't done so already, now is a good time to deactivate REAKTOR's audio en-

gine, or mute the main output.
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1. Wire the Modules together like this:

.
#

~ e Y
. EETTEEE R \;

P
1

In e - « Out
EBEl

Adding Controls

You will need two knobs for this effect, one to control the delay time, and one for the delay
output level.

You can create knobs in the same way you created the other Modules, either through the menu
or the Searchbox, but there is also a shortcut:

1. right-click on the Dly port of the Single Delay and select Create Control.

Create Control

Create Constant %

Mute Port

= A Knob Module has been created with a logical name and useful minimum and maximum
values.

Although the properties of this newly created Knob Module are good for most cases, you may
want to change the resolution of the knob to get more precise delay times.

1. Select the Delay Knob Module.

2. Navigate to the Properties window.

3. Select the Function tab.

4. Inthe RANGE section, check the Step Size parameter.
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5. Double-click on this value to edit it.
™

Fader

Function Info  View

RANGE

Fine-tuning

SMAPSHOTS

Includ
Default if Miss

Include in Marph/Random

6. Setittol.
= This has decreased the step size of the control from 10ms to 1ms.

1. Use the same technique with the empty port of the Multiply Module.

m Lralay *#—= Dy :
- N Out #———=
I
-~ [

'I " ;
e Single Delay |4 | Create Control L\\S
P

In = Create Constant

Mute Port

Select Port

Since the Multiply module ports can have many uses with many possible value ranges, the
Knob Module we have been given here is less suited to our purposes, but we can change that.

First, re-name it to "Level":
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1. Double -click on the knob and type "Level" as the new name.

2. Press [Enter] or click away from the knob to accept these changes.
Fortunately, the Max, Min, and Step Size parameters for this Knob Module are all set to values
that work for this tutorial, so they do not need to be changed.

Finally, you'll need to arrange these controls on the Instrument Panel. Return to the Panel view
and have a look at your work...

Echo FH
Dedaa)

The Current Look of the Ensemble Panel

All of the knobs are stacked on top of each other, which makes them rather difficult to use.
You need to move the knobs to make them user-friendly:

1. Unlock the Panel by clicking on the padlock button.

Echo Fi
Dol

2. Move the knobs so they are no longer overlapping.

Echo Fi
[relay Level

k‘)\ -4
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3.  When you have finished positioning the knobs where you want them, lock the panel by
clicking on the padlock button again.

Testing the Effect
The easiest way to test an effect is to use REAKTOR's File Player.

If you do not know how to use the File Player, you can read the relevant chapter in the REAKTOR
6 Diving Deeper document to learn more about it.

1. Load an audio file (wav or aiff format) into the File Player (ideally something short and
looped).

2. Select the loop option.

3. Press the play button.

4. |If you deactivated the audio engine, or muted the main output, you will now need to reac-
tivate the audio engine and/or unmute the main output.

= You should be able to hear the audio file you loaded with a delayed signal added on top.

As the audio plays, you will be able to edit the parameters of the echo effect by using the two
knobs you created:

e Move the Delay knob to control the delay time (the time between the input signal and the
delayed signal).

e Move the Level knob to control the output level of the delayed signal.

4.2.3  Adding Feedback

Your echo effect is currently a simple slap-back style single delay, which is good for some
uses, but by adding a feedback loop you can create repeating echoes.

Rather than introducing more Multiply and Add Modules, you can save space and keep a tidier
structure by using the Mult/Add, a*b+c Module.

The Mult/Add Module outputs the result of the formula (a*b)+c, with the three input
ports corresponding to the variables a, b, and c. The top port is the a value, and the bot-
tom port is the c value.
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Remember that when you are editing the structure, it is advised that you deactivate the
audio engine, or mute the main output.

You can easily replace the Multiply and Add Modules in your current echo effect with a single
Mult/Add Module:

1. Enter the structure view of the Echo FX Macro.

Select the Multiply and Add Modules.

Press the [Delete] key to remove them.

Create a Mult/Add Module either by using the menu or the Searchbox.
Wire the Mult/Add Module into the structure like this:

ok wmn

Looking back to the signal flow diagram from earlier, you can see the modifications that need
to happen to your current effect in order to add a feedback loop:

Input Output
\—?— Time Delay |

The Feedback Signal Flow Diagram

You will need to take the delayed signal, multiply it by a level control, add it to the input, and
then feed the resulting signal back into the delay module. You can do this easily with another
Mult/Add and a Knob:

1. Create a Mult/Add Module and a Knob Module and wire them into the structure like this:
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Do not worry about the Z over the input of the Mult/Add Module, this just shows that
there is feedback in the structure, and a 1 sample delay has automatically been added
because of it.

2. To keep things readable, rename the new knob to "Feedback".

3. Return to the panel view and move the newly created knob so that it is no longer sitting
on top of any other controls:

Echo Fi
Celay  Feedback  Lewel

B B

= You have added a feedback path to your echo effect.

The newly added Feedback knob will control the amount of signal fed from the output of the
delay back into its input. This effectively controls the number of repeating echoes in the effect.

Before you test the updated echo effect, make sure the feedback knob is not set too
high, otherwise the effect could overload.

424  Adding Tempo Sync

Currently, you can only set the delay time of your effect in milliseconds, but for a lot of crea-
tive echo effects the user is able to sync the delay to the host tempo. In order to do this, you
will need to retrieve the tempo information somehow. Fortunately, REAKTOR includes a Built-
in Module that allows you to do exactly that: the Tempo Info Module.

The Tempo Info Module outputs the host tempo in Beats per Second (BPS). You will need to
convert this to Milliseconds per Beat (uPB) using the following formula:

uPB = 1000/BPS

1. Create a Tempo Info Module.
2. Create a Constant Module.
3. Enter the Constant Module's properties and set the value to 1000.

Tutorial
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4. You can also set the value of a Constant by double-clicking on it, much like how you re-
name Macros and Knobs.

5. Create a Divide Module.

6. Re-create this formula in REAKTOR by using these Modules to build the following struc-
ture:

7. Connect the output of the Divide Module to the Dly input of the Single Delay Module, re-
placing the Delay knob.

1000 —
Ternpo Info  &— -""'-.
m Delay (] e T

—a

= The echo time is now synched to the length of a quarter note.
Although the echo is tempo-synched, it is fixed at a single length.
You can create a delay that uses multiples of 16th note lengths quite easily:

1. Take the pPB value and multiply it by 0.25 to get the milliseconds per 16th note value.

1000

Tempo Info
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The Multiply Module can have more than two inputs. You can attach another wire to this Mod-
ule using the same technique described at the start of this tutorial, in which you used the
[CtrlI/ICmd] keys to create ports while dragging wires.

Modules and Macros that can have extra inputs created in this way are identified by the
ellipsis (three dots) below its bottom input port.

If you play with the effect now, you may notice that the delay time does not change when you
set the Delay knob to a value above 8. This is because the Single Delay Module has a maxi-
mum delay time buffer, which is 1000ms by default (equivalent to 2 beats at 120bpm).

As the delay essentially records the audio in order to play it back later as the delayed
signal, the delay buffer assigns a section of memory for this recording. Larger buffer
sizes can be useful for longer delay times, but will take up more RAM. The maximum
setting for the delay buffer is 1000000ms (a little under 16.7 minutes) which equates
to about 96MB of RAM for 16bit/48kHz audio.

You can change the buffer setting in the Single Delay's Properties:

1. In the Single Delay's properties, under the Function tab, find the BUFFER section.
2. In this section locate the Max Delay (ms) parameter.
3. Double-click the parameter's value and set it to 2000.

BUFFER

4. Press [Enter] to set this change.
Congratulations, you have just created a tempo-synced echo effect in REAKTOR!

4.2.5 Saving and Loading the Macro
You can export your echo effect for use in other Ensembles by saving it as a Macro.

Before you save it, you'll need to make sure it remains as a monophonic structure, even in pol-
yphonic Ensembles. To do this:

1. Navigate to the top level of your Ensemble.
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2. Select the echo Macro and right-click on it.
3. Select the Mono option from the menu.

Mono
Echo F&

Mute

Cut
Copy
Duplicate
Delete

= All Modules inside the Macro have been set to monophonic, so even when you load the
Macro into a polyphonic Instrument, the echo effect will remain mono.

Next, export the effect by saving it as a Macro:

1. Select the echo Macro.
2. Right-click the Macro and select Save Macro As ...

Copy
Duplicate

Delete

Save Macro As ...

[

Structure in other Pane

Structure

Properties

3. Select a save location for the Macro file (saving it to the default location makes it easier
to locate in REAKTOR later).

4. Give it a unique name like "My First Echo".
5. Click Save.
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= You can now load your echo effect like any other Macro.

Using the subtractive synthesizer from the previous tutorial as an example, you can load and
connect your echo effect like this:

o

43

Load the Ensemble you wish to use and enter its structure.
Rick-click on an empty space in the structure and select Library.

If you saved your effect in the default location, it should appear at the bottom of this
menu.

Built-In Medule
Library 01 - Debug
Searchbox ... 03 - Sampler

04 - LFQ, Envelope
05 - Filters
07 - Mixer
09 - Lkility, Display

Mew Instrument
MNew Macro
MNew Core Cell
Paste

My First Echo
Parent in Other Pane

Load ...
Impert Ensemble ...

Save Instrument As ...

If you saved it somewhere else you can locate it by clicking on Load ...

Since the echo effect is monophonic, it will need to be placed after any Audio Voice
Combiners in the structure, like this:

Oute——» = [E_]_E] I:“Jt._<: Il;

B e

Going Further

The delay effect is the basis for a few other effects including flanger and chorus.
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You can create a flanger/chorus by modulating the delay time with an LFO:

En

m Delay Out
(O In

5|ngIE DEIag H

The structure of a simple chorus/flanger effect.

You could also create a vintage style delay by adding filters to the delay output/feedback chain,
and slow, subtle modulation to the delay time:

ing  e——e P HF
B _~2In ')_\_\_\_\_—.
ot EEZT Fiter ||

& In
Single Delay H
A

The structure of a vintage style echo effect.

You can make any of these effects stereo by duplicating the macro structure:
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! {.
! Single Crelay H
A

™,

m Delay o

m Feedback &<

(‘ In
ECTTmE
AN

The structure of a basic stereo delay.

4.3.1 Related Factory Content

The following REAKTOR 6 Factory Library Ensembles were all built using simple delay units at
their core. With what you have learnt here, you should be able to reverse engineer these En-
sembles to take your knowledge further.

The following delay based Ensembles can be found in the Effects section of the Factory Library.

Although it features LFOs and EQs, the Echomania Ensemble is ultimately driven by two Sin-
gle Delay Modules.
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=—an

=—an

Single Celay H

The two Single Delay Modules in Echomania

Longflow is another effect that ultimately comes down to two Single Delay Modules.

; |
EE T ol o
[ Sige ey |3

_____-. Fl .
—#In
I u
-H 1-Pale Filter Eﬂ I "—IZ'" |
Single Crelay FJ

The Single Delay Modules in Longflow
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9 Basic Step Sequencer

5.1 Overview

Event signals in REAKTOR behave differently from audio signals: audio signals constantly send
values at the audio rate, whereas event signals can have their timing controlled. Events can be
triggered, and thus can be used to trigger other events.

This process of triggering timed events is ideal for creating step sequencers, which is what the
following tutorial will cover.

5.1.1  Previous Knowledge

This tutorial assumes you have read the previous chapters of this document, and so are famili-
ar with the following concepts:

e How to navigate around REAKTOR's Edit view

e Understanding the difference between audio and event signals

e Understanding the difference between monophonic and polyphonic signals
e How to create wires between ports

e How to create Macros and Modules

5.1.2  The Theory

A basic step sequencer sends a sequence of values at timed intervals. They are commonly
used to create musical patterns by sequencing the pitch of a synthesizer's oscillators, or they
can be used to modulate sound parameters to create rhythmic effects. It is also common to
sync a sequencer to the tempo of a project.

Common hardware step sequencers have a row of knobs to set the sequence of values, with
each knob representing a step in the sequence. A clock signal is used to progress the se-
qguence: when a clock tick is received, the sequencer advances to the next step, outputting the
current step's value.
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In REAKTOR, our clock signal will be created using timed events.

5.2  Tutorial

9.2.1  Setting Up

In order to test the sequencer, you will need to create a single oscillator:

Create a new empty Ensemble.

Enter the structure and create a Sine Oscillator Module.

Create a button and attach it to the A (amplitude) input port of the Sine Oscillator.
Rename the button to "Test Tone"

Powne

P
% Out =
! Test Tone +——a A

5. In the button's Properties, change the On Value to 0.75. This sets the output amplitude
of the Sine Oscillator when the button is on. An output amplitude of 1 can overload RE-
AKTOR's output and should be avoided.

6. Create a Constant for the P (pitch) input of the oscillator by right-clicking on the port and
selecting Create Constant.

7. Connect the output of the Sine Oscillator to the Ensemble's main Out ports.

60 Ilu+.-=:: Out H
!T..-iT ne -——af Out H

= The oscillator is now ready to be used. Pressing the Test Tone button activates the Oscilla-
tor with a MIDI pitch of 60 (middle C). We recommend to lower the volume of your loud-
speakers before testing the oscillator.
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Next, you will create a Macro inside which you will build your sequencer:

1. Create a new Macro.
2. Re-name it to "Sequencer".

5.2.2  Building the Basic Sequencer

As mentioned in the Overview, a sequencer uses a clock to move between steps in a sequence,
so you will start building your sequencer by creating a clock source.

1. Enter the Sequencer Macro structure.

2. Create a Clock Oscillator Module.

3. Create a Constant at the A input port by right-clicking on the port and selecting Create
Constant.

4. Create a Knob at the F input port using the same right-click method, but this time select-
ing Create Control.

Using the right-click method to create constants and controls usually sets their Proper-
ties to commonly used values.

You have now created a clock source (the Clock Oscillator) which outputs events with a value
of 1 at a rate specified by the frequency at the F input. Each of these events is followed by an
event of O, producing a kind of square wave with a frequency of F.

Since the sequencer structure will ignore the value of these events, only using them to trigger
additional events, you will need to filter out the O value events, as these double the frequency
of events.

1. Create a Separator Module. This Module splits events depending on whether or not their
value is above or below a certain threshold (Thid).

2. For this case, the threshold should be O, so you can leave the Thid port empty as it de-
faults to O
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3. Connect the Out port of the Clock Oscillator to the In port of the Separator.

m Freg —aF
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Clock Osc

= The Hi output port of the Separator Module will now act as the output of our clock.

Each event produced by this clock needs to trigger a value to increase by one. This value will
be used to select the steps in the sequencer.

You can build this using the Counter Module.

1. Create a Counter Module.
2. Connect the Hi output of the Separator to the Up port of the Counter.

Set
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= Every time the clock sends an event, the Counter will increase by one.

With this basic counting structure in place, you can move on to creating a Module for setting
the values the Counter will address. For this tutorial, you will use a Module called the Event
Table. This Module holds a table of values (if you are familiar with programming, you may like
to think of it as a 2D array), and is perfect for quickly creating step sequences.

1. Create an Event Table Module.
2. Inthe Event Table Properties, locate the SIZE section in the Function tab.

REAKTOR 6 - Building In Primary - 78



Basic Step Sequencer

Tutorial

3. Click on the Set button.

4. A window will open, asking you to set the table size for the event table.

5. You will be creating a 16 step sequencer, so set the X value to 16 and leave the Y value
at 1.

Cancel

6. Click Apply.
= You have created a table of 16 values.

Next, you will need to set the range of the values in the table. This sequencer will be used to
control the pitch of the Sine Oscillator you created earlier, so the range should be +/- one oc-
tave (+/- 12 semi-tones).

1. In the Event Table Properties, locate the VALUE RANGE section in the Function tab.

2. Set the Max value to 12 and the Min value to -12.
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3. Set the Stepsize to 1. The Num Step property should automatically update to 24 when
you do this.

VALUE RANGE

MUMEric v

You have created a table of values with a possible range of -12 to +12. You now need to create
a way of editing these values.

The Event Table has a panel element which shows the values in the table. With the following
additional settings, you will also be able to edit them from the panel:

1. Go to the Ensemble Panel view.
2. Unlock the Panel and rearrange the controls so they are no longer on top of one another.

L Panel|

A

Test Tone

Ens - New

Freq

)
'\_m_.-"

Sequencer

Ewent Table
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3. Right-click on the Event Table and click on the Table Draw Mode option.

Sequencer
Ewvent Table

Duplicate
Delete

Table Draw Mode
Table Select Mode
Table Control Mode

Cil~ Y

4. Lock the Panel.
= You will now be able to draw on the Event Table to edit the values in the sequencer.

To complete the sequencer, you need to connect the Counter to the Event Table.

The output of the Counter will select an X position in the Event Table using the RX (Read X)
input, and then trigger the Event Table to output the value at that position using the R (Read)
input.

Triggering two inputs from a single output in this way can be sensitive to the ordering of
events. In this case the RX input needs to receive the Counter output event before the R input.
To control the order of the events, you can use an Order Module.

1. Navigate to the Sequencer structure.
2. Create an Order Module.
3. Connect the output of the Counter to the input of the Order Module.

® Sat

Set 1
Hi #———= Lip n Out =—= 28
Loe 3
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4. Connect output 1 of the Order Module to the RX input of the Event Table.
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5. Connect output 2 of the Order Module to the R input of the Event Table.

Ewent Table

= The Order Module now ensures that RX receives the Counter value before R.

Simple cases like this may not require an Order Module; however it is good practice to
use them to ensure that events are processed as planned.

Testing the Sequencer

With your sequencer complete, you can connect it to the Sine Oscillator for testing:

1. Create an Out Port Module in the Sequencer Macro.
2. Connect the Out port of the Event Table to the input of the Out Port Module.

Event Table

3. Navigate to the top level of the Ensemble structure.
4. Create an Add Module.
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5. Use the Add Module to add the sequencer output to the Constant at the P input of the
Sine Oscillator, like this:

[T] Ot

[ Sequencer 4

60

-.‘.""-o P _ Out u
! Test Tore «#——a A — Out u

When you return to the Ensemble Panel, you can draw a sequence by clicking and dragging on
the Event Table. You can then listen to this sequence by activating the Test Tone button.

Test Tone

(-

Sequencer
Freg Ewvent Table

/. [D]Pos = [5], Yalue = -5
| |
N
[ 2

Editing and Testing the Sequencer

Changing the Freq value will alter the rate at which the sequence plays.

9.2.3  Adding Tempo Sync

It is common for step sequencers like the one you have just created to be synchronized to the
host tempo. This can be further improved by synchronizing to the song position, not just the
tempo.

REAKTOR has a Song Position Module that allows you to access the current playback position
of the host in 1/96 note resolution.

REAKTOR 6 - Building In Primary - 83



Basic Step Sequencer

Tutorial

In this next step of the tutorial, you will replace the clock you previously created with this Song
Position Module.

Before you build anything new, remove all of the Modules that are a part of the clock function-
ality:
1. Enter the structure of the Sequencer Macro.

2. Select the Modules pictured below. You can select them all at once by clicking and drag-
ging with the mouse to create a box around them.

|

[ e |
sTha IR i
Dut — in [l Los Ln

|
Clock Osc H

3. Delete them by pressing the [Delete] key on your keyboard.
Now you can replace the old clock structure with a Song Position Module.

1. Create a Song Position (MIDI In) Module.
The Song Position Module has two outputs: the top one outputs event signals and the

lower one outputs an audio signal. Both outputs send the host song position at 1/96
note resolution.
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2. Connect the event (top) output to the input of the Order Module. You are using the event
output as it sends a single event with each song position value, and thus can also be used
as a clock source.

ELEL Jw

[ song rostion | orcer |

Ewent Table FJ

When you return to the panel and test the sequencer, you may notice that it is not running.
This is because the song position will not change unless the transport is running, and if the
song position does not change then the Song Position Module will not output any events.

1. Start the transport by pressing the play button in the Toolbar, or by pressing [Space] on
your keyboard.

With the transport running, the sequence will start playing. However, the sequence is running

at a fast 1/96 rate, so you need to adjust the structure to control this.

By using a divider that truncates (rounds down), you can control the resolution of the Song
Position, and thus the rate of the sequencer.

1. Create a Modulo Module. This Module outputs the truncated result of a division function.
2. Wire the event output of the Song Position Module to the A input of the Modulo Module.
3. Create a Constant and connect it to the B input of the Modulo Module.
4

In order to get a 1/16 rate, you need to divide the 1/96 position by 6 (96/6 = 16), so set
the Constant to 6.

5. Connect the Div output of the Modulo Module to the input of the Order Module.

';u;..: - [i] ——ap

Song Position H

= The sequencer now runs at 1/16 rate.

REAKTOR 6 - Building In Primary - 85



Basic Step Sequencer

Tutorial

Even though you have reduced the resolution of the song position to 1/16 notes, the Modulo
Module is still outputting events at a 1/96 rate. So instead of outputting the following values
and events:

0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, etc..
It is now outputting the following at the same rate:
0, 0, 0, 0, 0, 0, 1, 1, 1, 1, 1, etc.

To optimize the structure, the sequencer should filter out repeated values. Fortunately REAK-
TOR includes a Step Filter Module to do just that.

1. Create a Step Filter Module and connect it between the Modulo and Order Modules, like
this:

The Tol (tolerance) input of the Step Filter can remain disconnected since the default
value works with this structure.

With the Step Filter connected, a new event will only be sent to the Event Table when the val-
ue changes.

Q Although this optimization did not change the final output of the Ensemble in any no-

ticeable way, this technique is very important. If a structure uses events to trigger
sounds, filtering repeated values ensures that the sounds are only triggered when the
value changes.

The final step in creating this sequencer is to add control over the rate. Changing the value at
the B input of the Modulo Module will do this, however a knob is not ideal as you do not need
a large range of values, only those that produce commonly used musical note divisions.

The List Module allows you to create a menu with any number of entries, each with specified
names and values. Using this Module, you can create a menu of musical note divisions, but
output the number required to get that rate from the Song Position Module.

To find the values needed, just use the simple formula: value = 96*rate. For example, if
you want quarter notes the value = 96 * (1/4) = 96/4 = 24.

e You can now use the Rate Menu to specify the rate of the sequencer using musical note
divisions.
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9.3  Going Further

You can use a sequencer to control any parameter, not just pitch. Try saving the Sequencer
Macro and importing it into other Ensembles. Be sure to set the Macro to Mono, and to change
the Range values of the Event Table accordingly.

You can use further event handling and a Single Delay Module to create swing:

96 #,
il ... |

|
Song Position H \sR

E Rate —aEB \
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m Swing

] Fos i
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Single Crelay FJ

Ewent Table FJ

A Sequencer with Swing

5.3.1  Related Factory Content

Any sequencer in the Factory Library will be built on the basic concepts you have just learnt.
However, there are two Ensembles in particular that uses Event Table Modules in their se-
quencers: Atmotion and Vierring. Both of these Ensembles can be found in the Sequenced
Synthesizers section of the Factory Library.
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6.1 Overview

REAKTOR offers a number of Modules that you can combine to create custom controls.

Building on the 15, Basic Step Sequencer tutorial, this tutorial will guide you through using
the advanced Panel Modules and techniques to create your own Step Sequencer interface.

6.1.1  Previous Knowledge

As well as assuming a basic understanding of building in REAKTOR, this tutorial also assumes
that you have completed the tutorial in section 15, Basic Step Sequencer 15, Basic Step Se-
quencer.

The following will not only build on the Ensemble created in that tutorial, but will also assume
all knowledge acquired to that point.

6.1.2  The Theory

By this stage you should have already created a 15, Basic Step Sequencer, however certain as-
pects of this sequencer are limited - the information in the sequencer is stored in the Ensem-
ble, and not in the Snapshots.

Building on the 15, Basic Step Sequencer also makes a good starting point for learning some
advanced concepts about REAKTOR's GUI (Graphical User Interface) capabilities.

Until now you will have been using simple, pre-made Panel Modules like knobs and buttons.
While these are useful, sometimes you'll need a control with an option that is unavailable in
those on offer, and this is why REAKTOR also offers additional advanced Panel Modules.

In this tutorial, you will replace the Event Table Module used in the 15, Basic Step Sequencer
with your own table, built from scratch. This new table will allow you to save sequences in
Snapshots, and not just in the Ensemble.

Overview
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6.2  Tutorial

6.2.1  Setting Up

This tutorial will build on the 15, Basic Step Sequencer, focusing on replacing the Event Table
Module.
1. If you do not have the Step Sequencer Ensemble loaded, open it now.

2. Enter the Sequencer Macro structure and delete the Event Table Module and the Order
Module.

3. Create a new empty Macro.
Rename it to "Table".
5. Attach the Table Macro to the structure as follows:

R
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6.2.2  Building the Sequencer Interface

Before you build any of the step sequencer functionality, you will create the interface elements
needed.

1. Enter the Table Macro structure.

2. Create a Mouse Area Module.

The Mouse Area Module allows you to access the state and position of the user's mouse
when it is over a defined area on the Panel. Because of this, the Mouse Area is a very
useful Module when creating custom interfaces.

The Mouse Area sends the actions of the user to our structure, but this is only one part of the
functionality of an interface control; the sequencer will also need a display to show the v