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Entineering FM Playground v13

Introduction

Entineering FM Playground is a module for Eurorack synthesizers. It is a complete
synthesizer doing a faithful emulation of the OPL3 chip, which was famously used in
SoundBlaster and AdLib sound cards for the PC.

« 18 independent channels, 36 operators.

« Six channels can be configured to use four operators each, otherwise two op-
erators per channel

» 6 CVinputs

« 6 gate inputs

» Two audio outputs

+ MIDIInand Thru

+ All channel and operator parameters accessible from the front panel

« Parameters are assignable to either gate or CV inputs

« Parameters are assignable to MIDI CC, Velocity and Aftertouch messages

+ 99 program slots

+ Polyphonic mode

Connecting the Module

Connecting Power

Your Eurorack synthesizer module comes equipped with a 10-pin keyed connector

for power supply.

To connect the module:

1. Power Off Your System: Before connecting the module, ensure that your Eu-
rorack case and power supply are turned off.

2. Locate the Power Connection on Your Case: Identify the power headers on
your Eurorack case. These headers will have a 16-pin connector.

3. Use the supplied ribbon cable to connect the module to your Eurorack power
supply. The red mark on the ribbon cable identifies the -12V supply line. On
the module, the red mark points towards the bottom on the module.

4. Secure the Module: Once connected, mount your module into the case using

the appropriate screws, ensuring it is securely in place.
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Figure 1: Connecting Power

A

Connecting MIDI

Only use proper Eurorack power supplies with voltages of -12V and +12V.

To connect a device with a 5-pin DIN connector to the module, you need a MIDI DIN-
to-TRS adapter. The TRS jacks on the module use the A pinout that is now included
in the official MIDI standard.

To be able to send MIDI data to the module, connect the MIDI Out or MIDI Thru port
of your MIDI keyboard, audio interface or similar, to the MIDI In jack of the module.

Introduction to the Emulated OPL3 Chip

The heart of the FM Playground module, and the original OPL3 chip, lies in its unique
approach to sound generation: FM (Frequency Modulation) synthesis. This is orches-
trated through a combination of operators and channels, which work together to
create its distinctive sound palette. Understanding how these operators and chan-
nels function is key to mastering the FM Playground module.
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Figure 2: Connecting MIDI

Operators: The Building Blocks

1. Definition: In FM synthesis, an operator is essentially a sine wave generator.
Each operator in the OPL3 chip can act as either a carrier (producing audible
sound) or a modulator (modifying the frequency of another operator).

2. Characteristics: Operators in the OPL3 have several parameters:

« Waveform: In additional to a normal sine wave, three (in OPL2 mode) or
seven (in OPL3 mode) additional waveforms are available, most of which
are variations of the sine pattern.

+ Frequency: Determines the pitch of the sound. This is derived from the
channel frequency and a factor of 0.5 or 1to 15.

« Amplitude: Controls the loudness.

+ Envelope: Shapes the sound over time, with parameters like attack, de-
cay, sustain, and release.

» Additional parameters: Vibrato, tremolo, etc.

3. Modulation: By modulating one operator with another, complex timbres and
textures can be created, ranging from simple bell-like tones to intricate evolv-
ing sounds.
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Channels: The Organizational Framework

The emulated OPL3 chip features multiple channels, each capable of handling mul-
tiple operators. In the FM Playground module, this structure is preserved, allowing
for intricate patching possibilities.

Properties of a Channel

« Operator Capacity: Each channel can control two or four operators. The latter
requires enabling the OPL3 mode.

» Feedback Control: Channels have a feedback mechanism, where the output
of a carrier operator can be routed back into its modulator, affecting the tim-
bre and harmonic content.

» Modulation Routing: Channels allow for different modulation routings, in-
cluding series (FM chain), parallel, and mixed modes.

« Stereo Output Assignment: Channels can be assigned to left, right, or both
stereo outputs, enabling spatial sound placement.

+ Frequency Control: Each channel has independent frequency control for its
operators, determining the pitch of the sound.

» Note On: This signal engages the envelope generators of all operators in the
channel.

Practical Applications

+ Recreating Classic Sounds: Use the 2-operator mode for classic FM sounds
reminiscent of early PC games and synthesizers.

+ Complex Sound Design: Leverage the 4-operator mode for creating intricate
and evolving textures.

+ Percussive Elements: (Not present in the current firmware version.) Utilize
the rhythmic mode to add unique percussive sounds to your modular setup.

In summary, the operators and channels of the emulated OPL3 chip form the basis of
its sound generation capabilities. By understanding and experimenting with these
elements, users of the FM Playground module can explore a vast range of sonic pos-
sibilities, from retro-inspired tones to innovative soundscapes.
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Module Description

Buttons

The functions of the FM Playground module are controlled through push buttons
on the front. These serve different functions: - Soft Buttons: Marked by a rectan-
gle around them. These are located left and right of the screen and have different
functions depending on screen contents. - Up/Down Buttons: Marked by an arrow
around them. These control parameters with up to 16 steps. An LED bar graph next
to them shows the current value of the parameter - Toggle/Cycle Buttons: Marked
by a circle around them. These toggle parameters (On/Off) or cycle through up to
four options. LEDs next to the button indicate the current value of the parameter.

Rotary Encoders

There are two high-precision rotary encoders on the module. One of the knobs also
has a push function.

OLED Screen

The screen is used to display selected programs and channels, parameter values, as
well as a menu system. The functions of the user interface can be triggered with the
soft buttons described earlier.

Using the Module

The inputs on the front panel of the module are divided in two sections: Channel
parameters and operator parameters. The channel controls influence the parame-
ters of the currently selected channel (in monophonic mode) or all channels (in poly-

phonic mode).

The operator controls let you change the parameters of the currently selected op-
erator. The operator can be selected at the top of the operator control section. In
a two-operator channel, only operators A and B can be selected. In a four-operator
channel, operators A through D can be selected.
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Channel Parameters
Feedback

One of the distinctive features of a channel in the OPL3 architecture is the feedback
mechanism. Feedback occurs when the output of a carrier operator is routed back
into its modulator. This can significantly alter the sound, adding complexity and har-
monic content. In the OPL3-Euro Module, feedback is adjustable, offering a range

from subtle coloration to aggressive, almost distorted tones.

+ Low Feedback: Subtle changes in timbre, adding slight richness or “body” to
the sound.

« High Feedback: More pronounced effects, creating metallic or bell-like tones,
and can lead to aggressive, distorted textures at extreme settings.

Operator Connections

Also known as “Algorithm”. Controls the connections between modulators and car-

riers.

+ 2-Operator Channels: The simplest form, and the only one available in OPL2

mode.

- Series: One operator acts as the modulator, shaping the timbre of the
other operator, which acts as the carrier.
- Parallel: Both operators act as carriers, and their outputs are mixed.

+ 4-Operator Channels: Only available in OPL3 mode. More complex, allowing
for a variety of configurations:

- Series: Operators are arranged in a chain, with each modulating the next.
- Parallel: Operators work in pairs, each pair modulating a separate carrier.
- Hybrid: A combination of series and parallel configurations, allowing for

intricate sound designs.

i

You can change between two and four operators for a channel in the “OPL Settings’

menu item.

Pitch

This controls the base frequency of the channel. This can be helpful if you don’t want
to control the pitch externally (for example for percussive instruments) or to quickly
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test a patch.

Pushing the knob triggers the “Note On” signal for this channel, making the channel
audible.

Output Channels

In OPL3 mode, this lets you select the output channel. Options are left, right, both or
off. In polyphonic mode, You can select between all voices on both channels (mono)
and half of the voices left and half of the voices right (stereo).

In OPL2 mode, this button has no effect. You can switch between OPL2 and OPL3
modes in the “OPL Settings” menu item.

Operator Parameters
Waveform

In OPL2 mode, four waveforms are available: Sine, half-sine, abs-sine and pulse-sine.
In OPL3 mode, four additional waveforms are available: Sine in even periods only,
abs-sine in even periods only, square and derived square.

Output Level

This controls the output amplitude of the operator. Changing the output level of
a modulator changes the modulation depth, while changing the output level of a
carrier changes the output volume.

Attack

This parameter controls the rate at which an operator’s sound reaches its maximum
level after akey is pressed. A faster attack results in the sound starting more abruptly,
while a slower attack means the sound ramps up more gradually, creating a softer
onset.
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Decay

Decay controls the time taken for the sound to transition from the attack’s peak level
to the sustain level. A quicker decay results in a rapid reduction to the sustain level,
whereas a slower decay allows for a more gradual descent.

Sustain

The sustain level sets the volume at which the sound remains after the initial decay
phase and before the key is released. A high sustain level means the sound main-
tains a louder volume during sustain, while a lower level results in a quieter sustain

phase.

Release

Release determines how quickly the sound fades to silence after the key is released. A
short release time will stop the sound abruptly, whereas a longer release time allows
the sound to decay slowly, creating a lingering effect.

Frequency Ratio

The frequency factor or ratio is used to set the frequency of an operator relative to
the base frequency of the channel. These factors are crucial in defining the harmonic
content and timbral characteristics of the sound produced.

The frequency ratio can be half, one, or any integer between two and 15.

Factor Meaning

0.5 One octave below (Perfect Octave Down)
1 Unison (Same Pitch)

2 One octave above (Perfect Octave Up)

3 One octave plus a perfect fifth above

4 Two octaves above

5 Two octaves plus a major third above

6 Two octaves plus a perfect fifth above
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Factor Meaning

7 Two octaves plus a minor seventh above
8 Three octaves above

9 Three octaves plus a major second above
10 Three octaves plus a major third above
11 Three octaves plus a major third plus a

microtonal amount above

12 Three octaves plus a perfect fifth above

13 Three octaves plus a perfect fifth plus a
microtonal amount above

14 Three octaves plus a major seventh above

15 Three octaves plus a major seventh plus a

microtonal amount above

Tremolo

Located on the last row of buttons on the far left. The tremolo effect modulates the
amplitude of the sound at a regular rate, creating a pulsating effect. Tremolo depth

can be adjusted in two steps in the chip settings.

Vibrato

Vibrato is the modulation of pitch at a steady rate. Vibrato depth can be adjusted
in two steps in the chip settings. Higher vibrato settings will cause more noticeable
pitch fluctuations, adding a quivering effect to the sound.

Sustain Enable
KSR (Key Scale Rate)

This parameter affects how the attack, decay, and release times of an operator are
modified based on the pitch of the note being played. Enabling KSR results in shorter
envelope times for higher-pitched notes, mimicking the behavior of many acoustic

instruments.

10
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KSL (Key Scale Level)

KSL adjusts the overall output level of an operator based on the pitch of the note.
This helps to balance the loudness across different pitches, as higher notes can be
perceived as louder. Lowering the KSL value makes the sound more consistent across
the keyboard, while higher values accentuate the level differences between high and
low notes.

KSL can be chosen between none, 1.5 dB, 3.0 dB and 6.0 dB per octave.

Saving and Loading Programs

All parameters of all channels and operators are retained during module power-off.
Additionally, sets of parameters can be saved as “programs” and recalled later. 99
program slots are available.

Saving a Program

If parameters have been modified compared to the currently loaded program, the
“Save” button appears in the upper right corner of the screen. Press the upper right
soft button. Now use the center-right and bottom-right soft buttons to choose a
program slot. Press “Save” to complete the operation or “Cancel” to exit and not
modify any program slots.

When saving a program into a slot, the program previously in this slot is
o overwritten and cannot be recovered.
Factory programs can be recovered using the “Restore” item under the
“Program” menu, or by doing a factory reset.

Loading a Program

While on the main screen, pressing the center-right or bottom-right soft buttons
loads the next or previous program into the current channel, respectively. When in
polyphonic mode, the program is loaded into all voices.

Loading a program can also be done using MIDI PC (Program Change) commands. In
monophonic mode, PC commands on MIDI channels 1to 16 load programs into OPL

N
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channels 1 to 16 respectively. Channels 17 and 18 cannot be controlled via MIDI. In
polyphonic mode, the MIDI channel to listen on can be configured in the menu.

’ Loading a program will discard any changes made to the parameters of
the current channel and overwrite them with the contents of the pro-
gram.

Program Load Fail

If, after loading a program, the program slot number is striked through, it means that
the program could not be loaded. The reason is one or multiple of the following:

+ The program uses a waveform only available in OPL3 mode, but OPL3 mode is
currently disabled.

 The program uses four operators, but OPL3 mode is currently disabled.

+ The program uses four operators, but the current channel is only configured
for two operators, or vice versa. This does not happen in polyphonic mode,
since the channels are automatically switched between two and four opera-
tors on program load.

Controlling Parameters Externally

Almost every parameter for channels and operators can be controlled externally via
CV/Gate inputs or via MIDI.

CV inputs have a range of -7 to 7 volts. This range can be freely mapped to the avail-
able range of the parameter and even be inverted.

Whenever you change a parameter from the front panel, the display shows the cur-
rent value of that parameter along with buttons to assign this parameter to CV, Gate
or MIDI.

Assigning to a Gate Input

Parameters that only have an on/off state can be assigned to a gate input. After
pressing the “Gate Assign” soft button, a screen appears where you can select the
gate input to be used.

12
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Figure 4: Parameter assignment buttons. Press “MIDI Assign” to assign this

parameter to a MIDI message. Press “CV Assign” to assign the parameter to a CV

input. Some parameters can be assigned to a gate input instead.

If you have configured gate and CV inputs to be used for polyphonic voices, those
inputs are not available to be assigned to a parameter anymore. Use the menu to
configure the number of inputs to be used for polyphonic voices.

Assigning to a CV Input

Parameters that can take a range of values can be assigned to CV inputs. Additionally
to the input number 1to 6, you can now also configure how input voltages should be
mapped to parameter values. By default, O Volts refer to 0% of the parameter value
and 5 Volts to 100%. Use the soft buttons to adjust these voltages. Press the soft
button marked with a right arrow to complete the assignment.

Figure 5: CV value mapping. Horizontal axis shows the input voltage, vertical axis
shows parameter value. Up/down buttons in the left control lower input voltage,
up/down buttons on the right control upper input voltage. Right arrow button

confirms, left arrow button returns to main screen.

Assigning to a MIDI Value

Parameters can also be assigned to different MIDI messages. The messages that can
be used are:

« Velocity

13
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+ Controller (e.g. mod wheel)
« Channel Aftertouch
« Polyphonic Aftertouch

Velocity Chan AftTch
Controller gl Poly AftTch

Figure 6: MIDI message assignment. Press one of the message types, or “Cancel” to

return to the main screen.

Value ranges can be mapped in the same way as with CV inputs, but with MIDI input
values O to 127 instead of voltages.

In monophonic mode, OPL channels 1to 16 are controlled with MIDI channels 1to 16.
OPL channels 17 and 18 cannot be controlled via MIDI. In polyphonic mode, the MIDI
channel can be configured in the settings menu.

Main Menu

From the main channel/program screen, pressing the upper left button labeled
“Menu” opens the main menu. Pressing the upper left button again exits out of the
menu. Left center and left bottom buttons let you select the previous or the next
menu item respectively. The meaning of the buttons on the right depend on the
selected menu item.

OPL Settings
Out Gain +0 dBE
Polyphonic  Off

CV Assignments
E Gate A33_ignmeni3|:=

Figure 7: Main menu.

OPL Settings

These are global settings for the emulated OPL3 chip. Please note that programs
saved with a certain set of settings may be unable to load with a different set of

14
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settings. For example, if saving a program with four operators, it cannot be loaded
if the chip is in OPL2 mode or the selected channel is not configured to have four
operators.

Tremolo

This sets the tremolo depth for all operators on all channels where tremolo is en-
abled. Set it to either 1.0 dB or 4.8 dB.

Vibrato

This sets the vibrato depth for all operators on all channels where vibrato is enabled.
You can choose either 7 cents or 14 cents.

OPL3 Mode

Switch between OPL2 and OPL3 mode here. OPL3 mode enables channels with four
operators and additional waveforms.

4-Operator Channels 1 through 3 and 10 through 12

Enable four-operator mode for the respective channel. Note that channels 4, 5, 6
and 13, 14, 15 can't be used if four-operator mode is enabled on channels 1, 2, 3 and
10, 11, 12 respectively, since their operators become part of the primary channel.

With polyphonic mode enabled there is only one setting that controls all channels
used for polyphony at once.

Output Gain

The output levels of the emulated OPL chip may seem too low in some circumstances.
In these cases, you can increase the output level with this setting. If you experience
clipping, lower the setting instead.

Since firmware version 1.3, the output gain can be adjusted in 1dB steps.

This is initalized to +6 dB to help new users who start exploring FM Playground with
a single channel. Once you start using multiple channels or the polyphonic mode,
lower this to O dB.

15
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Polyphonic Mode

When turned off, all channels of the emulated OPL chip are handled separately. They
all can have different parameters, and channels 1to 16 can be controlled with MIDI
channels 1to 16.

However, when polyphonic mode is turned on, only one set of parameters is applied
to six channels simultaneously. The six voices are controlled via a single MIDI channel
(configured below) and/or a number of CV/Gate inputs (also configured below).

CV Assignments

This lists all parameters currently assigned to one of the CV inputs. It also allows for
deleting one or all CV assignments.

Gate Assignments

This lists all parameters currently assigned to one of the gate inputs. It also allows
for deleting one or all gate assignments.

MIDI Assignments

This lists all MIDI assignments. It also allows for deleting one or all MIDI assign-
ments.

Programs

Different operations on stored user programs can be performed in this submenu.

| SysEx Export |
SysEx Import
Copy

Swap

E Restore [:

Figure 8: Programs menu.

This menu was added in firmware version 1.3.

16
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SysEx Export

With this, all 99 programs can be transferred via MIDI to a host PC running the ap-
propriate software for recording SyskEx messages. One example on macOS is SysEx
Librarian. It is also possible to transfer programs to another FM Playground mod-
ule.

SysEx Import

Here you can import previously exported programs via MIDI SysEx. Optionally, a
range of programs to import can be specified. Programs outside of that range will
be ignored during the import process.

Figure 9: Program SysEx import menu.

After selecting “Import”, the module waits for MIDI SysEx messages containing pro-
gram data. It will wait for all programs in the specified range, unless you press “Can-

”

cel”.

’ Programs within the specified range will be overwritten with the im-
ported programs!

Copy

Here, a program can be copied to a different slot. Choose the source and destination
program slot, then select “Copy”.

S

Swap

The program selected by “Destination” will be overwritten!

Here, two programs can be swapped between slots.

17
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Restore

Here you can restore a subset of programs to their factory default. Only the
programs between “First” and “Last” will be restored once you select the “Restore”

item.

’ Programs within the specified range will be overwritten with the factory

programs!

Advanced
Advanced settings and functions can be found here.

PolyC¥Ch. 0
Poly MIDI Ch. All

E CW Calibration E

Finmware Info
E Finmware Update E

Figure 10: Advanced menu.

Polyphonic CV Channels

Sets the number of CV/Gate inputs which are used as Volts/Octave and Gate inputs in
polyphonic mode. Between zero and six inputs can be dedicated for pitch and “note

on” this way. The other inputs can be assigned to any of the other parameters.

Polyphonic MIDI Channel

With polyphonic mode turned off, MIDI channels 1to 16 control OPL channels 1to 16.
With polyphonic mode turned on however, a single MIDI channel controls six of the
OPL channels. The MIDI channel number can be configured here.

CV Calibration

Your FM Playground module is calibrated from the factory. However, if you find that
Volts/Oct tracking is not precise enough, you can calibrate the CV inputs.

18
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After selecting the menu item, you are requested to do three calibration steps per
input:

1. Calibrate zero. Unplug any cable from the CV input being calibrated and press
the button with the round symbol. Press the right arrow button to proceed to
the next step.

2. Calibrate positive voltage. Feed a precise, known positive voltage into the CV
input. Around 5 Volts works best. Now press and hold the up and down buttons
until the displayed voltage matches the one being fed into the module. Press
the right arrow button to proceed to the next step.

3. Calibrate negative voltage. Feed a known negative voltage inte the input.
Around -5 Volts works best. Press and hold the up and down buttons until the
displayed voltage matches the voltage being fed into the module. Press the
right arrow to calibrate the next CV input.

. Calibrate Zerp

x0.007 o

[IIIII]

Figure 11: CV calibration screen. Press the round button to calibrate the zero point.

Press the right arrow to proceed to the next step. Press the left arrow button to

return to the previous step.

After completing these steps for every CV input, you are asked to either save or dis-
card the new calibration.

Firmware Info

Displays the version of the currently installed firmware. Visit https://entineering.eu
to see if there is a newer version available for your module.

Firmware Update

Use this option to update the firmware on your module. See the chapter on updating
the firmware for details.

19
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Factory Reset

This restores the settings and programs to their default state. Optionally you can
also clear the CV calibration, although this is not recommended.

a Resetting the calibration does not restore the calibration done at the
factory. Instead, it sets the calibration to generic default values. A cali-
bration is probably needed after this.

Updating the Firmware

The firmware of the module can be updated by sending a firmware update file via
MIDI SysEx messages. Please find firmware update files at https://entineering.eu. For
installing the update, you first have to enter firmware update mode, and then send
then new firmware via MIDI from a host PC.

Entering Update Mode

To enter update mode, while on the main screen, press the top left soft button to
enter the menu. Using the center left and bottom left soft buttons, navigate to the
“Advanced” submenu and press the bottom right soft button to enter this submenu.

In the same manner, select the “Firmware Update” menu item.

Transfer New Firmware

Connect a MIDI cable from a PC-MIDl interface to the module. Now send the firmware
file in .syx format from your PC to the module. You can disable any delays between
messages for faster transfer.

g Some low-cost USB-to-MIDI adapters do not properly support SysEx mes-
sages, in particular those based on the CH345 chip.

20



Entineering FM Playground v13

Table 2: Recommendations for Software that can be used for sending SysEx files.

Operating

System Software Where to Get

macOS SysEx Librarian https://www.snoize.com/sysexlibrarian/
Linux amidi alsa-utils package

Command Line

Windows MIDI SysEx Transfer https://apps.microsoft.com/detail/9pfd4ddwgktn
Utility

SysEx Librarian

() () SysEx Librarian
> Scarlett 18i20 USB (] (] ) o
Play Destination Record One Record Many
SysEx File ~  Manufacturer #Msgs Size
firmware-v1.1.syx Unknown Manu 3.780 55,4KB
+ — Contents

Figure 12: SysEx Librarian

Follow these steps to transmit a new firmware file to the module using SysEx Librar-
ian:

Add the firmware file to the list of SysEx files in SysEx Librarian.
+ Select your MIDI interface in the drop-down menu at the top.

To speed up the transfer, go to “Settings” under the “SysEx Librarian” menu
and set the pause between messages to O milliseconds.

Press the “Play” button in the top left.

Wait until the file was fully transferred.

21



Entineering FM Playground v13

amidi

Follow these step to transmit a new firmware file to the module using amidi on

Linux:

» Open a terminal.

» Type amidi --list-devices to get a list of your MIDI devices. Note the
descriptor in the “Device” column.

+ Type amidi --send=/path/to/firmware-v1.1.syx --port=hw:1,0,0,
where the argument to —-send is the path to the firmware file, and —-port
is the MIDI device descriptor from the previous step.

+ Wait until the file was fully transferred.

MIDI SysEx Transfer Utility

Follow these step to transmit a new firmware file to the module using MIDI SysEx
Transfer Utility on Windows:

« Select your MIDI interface in the drop-down menu labelled “MIDI Output Port”.

Press the button “Pick SysEx File to Send” and choose the downloaded

firmware file.

In the field “Transfer Delay”, enter O.

Press “Validate and Send SysEx”

Wait until the file was fully transferred.

Complete the Update

After the new firmware file has been transferred completely, you are prompted with
a message asking you if the firmware should be written to module. Choose “yes” to
complete the installation.

Ensure a stable power supply during this last phase of the update! If

é power gets interrupted while the firmware file is written to the module,
the module will no longer be operational. Additional tools and knowl-
edge are required to recover from this state.

22
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Appendix A: Attributions

The firmware of FM Playground uses several open source libraries which are listed
here, along with their licenses.

Nuked-OPL3

FM Playground uses the Nuked-OPL3 software library, copyright by Nuke.YKT,
licensed under the terms of the GNU Lesser General Public License version 2.1.
Please visit http://entineering.eu to get a special firmware package that allows you
to replace the Nuked-OPL3 source code.

: This firmware package is for advanced users only and requires additional
software and hardware tools to install. Installing custom firmware can
potentially damage the FM Playground module. Damages caused by cus-

tom firmware is not covered by warranty.

GNU LESSER GENERAL PUBLIC LICENSE
Version 2.1, February 1999

Copyright (C) 1991, 1999 Free Software Foundation, Inc.
51 Franklin Street, Fifth Floor, Boston, MA 02110-1301 USA
Everyone is permitted to copy and distribute verbatim copies

of this license document, but changing it is not allowed.

[This is the first released version of the Lesser GPL. It also counts
as the successor of the GNU Library Public License, version 2, hence

the version number 2.1.]
Preamble
The licenses for most software are designed to take away your
freedom to share and change it. By contrast, the GNU General Public
Licenses are intended to guarantee your freedom to share and change

free software--to make sure the software is free for all its users.

This license, the Lesser General Public License, applies to some

23
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specially designated software packages--typically libraries--of the
Free Software Foundation and other authors who decide to use it. You
can use it too, but we suggest you first think carefully about whether
this license or the ordinary General Public License is the better

strategy to use in any particular case, based on the explanations below.

When we speak of free software, we are referring to freedom of use,
not price. Our General Public Licenses are designed to make sure that
you have the freedom to distribute copies of free software (and charge
for this service if you wish); that you receive source code or can get
it if you want it; that you can change the software and use pieces of
it in new free programs; and that you are informed that you can do

these things.

To protect your rights, we need to make restrictions that forbid
distributors to deny you these rights or to ask you to surrender these
rights. These restrictions translate to certain responsibilities for

you if you distribute copies of the library or if you modify it.

For example, if you distribute copies of the library, whether gratis
or for a fee, you must give the recipients all the rights that we gave
you. You must make sure that they, too, receive or can get the source
code. If you link other code with the library, you must provide
complete object files to the recipients, so that they can relink them
with the library after making changes to the library and recompiling

it. And you must show them these terms so they know their rights.

We protect your rights with a two-step method: (1) we copyright the
library, and (2) we offer you this license, which gives you legal

permission to copy, distribute and/or modify the library.

To protect each distributor, we want to make it very clear that
there is no warranty for the free library. Also, if the library is
modified by someone else and passed on, the recipients should know
that what they have is not the original version, so that the original
author's reputation will not be affected by problems that might be

introduced by others.
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Finally, software patents pose a constant threat to the existence of
any free program. We wish to make sure that a company cannot
effectively restrict the users of a free program by obtaining a
restrictive license from a patent holder. Therefore, we insist that
any patent license obtained for a version of the library must be

consistent with the full freedom of use specified in this license.

Most GNU software, including some libraries, is covered by the
ordinary GNU General Public License. This license, the GNU Lesser
General Public License, applies to certain designated libraries, and
is quite different from the ordinary General Public License. We use
this license for certain libraries in order to permit linking those

libraries into non-free programs.

When a program is linked with a library, whether statically or using
a shared library, the combination of the two is legally speaking a
combined work, a derivative of the original library. The ordinary
General Public License therefore permits such linking only if the
entire combination fits its criteria of freedom. The Lesser General
Public License permits more lax criteria for linking other code with

the library.

We call this license the "Lesser" General Public License because it
does Less to protect the user's freedom than the ordinary General
Public License. It also provides other free software developers Less
of an advantage over competing non-free programs. These disadvantages
are the reason we use the ordinary General Public License for many
libraries. However, the Lesser license provides advantages in certain

special circumstances.

For example, on rare occasions, there may be a special need to
encourage the widest possible use of a certain library, so that it becomes
a de-facto standard. To achieve this, non-free programs must be
allowed to use the library. A more frequent case is that a free
library does the same job as widely used non-free libraries. In this
case, there is little to gain by limiting the free library to free

software only, so we use the Lesser General Public License.
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In other cases, permission to use a particular library in non-free
programs enables a greater number of people to use a large body of
free software. For example, permission to use the GNU C Library in
non-free programs enables many more people to use the whole GNU
operating system, as well as its variant, the GNU/Linux operating

system.

Although the Lesser General Public License is Less protective of the
users' freedom, it does ensure that the user of a program that is
linked with the Library has the freedom and the wherewithal to run

that program using a modified version of the Library.

The precise terms and conditions for copying, distribution and
modification follow. Pay close attention to the difference between a
"work based on the library" and a "work that uses the library". The
former contains code derived from the library, whereas the latter must

be combined with the library in order to rum.

GNU LESSER GENERAL PUBLIC LICENSE
TERMS AND CONDITIONS FOR COPYING, DISTRIBUTION AND MODIFICATION

0. This License Agreement applies to any software library or other
program which contains a notice placed by the copyright holder or
other authorized party saying it may be distributed under the terms of
this Lesser General Public License (also called "this License").

Each licensee is addressed as "you".

A "library" means a collection of software functions and/or data
prepared so as to be conveniently linked with application programs

(which use some of those functions and data) to form executables.

The "Library", below, refers to any such software library or work
which has been distributed under these terms. A "work based on the
Library" means either the Library or any derivative work under
copyright law: that is to say, a work containing the Library or a
portion of it, either verbatim or with modifications and/or translated
straightforwardly into another language. (Hereinafter, translation is

included without limitation in the term "modification".)
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"Source code" for a work means the preferred form of the work for
making modifications to it. For a library, complete source code means
all the source code for all modules it contains, plus any associated
interface definition files, plus the scripts used to control compilation

and installation of the library.

Activities other than copying, distribution and modification are not
covered by this License; they are outside its scope. The act of
running a program using the Library is not restricted, and output from
such a program is covered only if its contents constitute a work based
on the Library (independent of the use of the Library in a tool for
writing it). Whether that is true depends on what the Library does

and what the program that uses the Library does.

1. You may copy and distribute verbatim copies of the Library's
complete source code as you receive it, in any medium, provided that
you conspicuously and appropriately publish on each copy an
appropriate copyright notice and disclaimer of warranty; keep intact
all the notices that refer to this License and to the absence of any
warranty; and distribute a copy of this License along with the

Library.

You may charge a fee for the physical act of transferring a copy,
and you may at your option offer warranty protection in exchange for a

fee.

2. You may modify your copy or copies of the Library or any portion
of it, thus forming a work based on the Library, and copy and
distribute such modifications or work under the terms of Section 1
above, provided that you also meet all of these conditions:

a) The modified work must itself be a software library.

b) You must cause the files modified to carry prominent notices

stating that you changed the files and the date of any change.

c) You must cause the whole of the work to be licensed at no

27



Entineering FM Playground v13

charge to all third parties under the terms of this License.

d) If a facility in the modified Library refers to a function or a
table of data to be supplied by an application program that uses
the facility, other than as an argument passed when the facility
is invoked, then you must make a good faith effort to ensure that,
in the event an application does not supply such function or
table, the facility still operates, and performs whatever part of

its purpose remains meaningful.

(For example, a function in a library to compute square roots has
a purpose that is entirely well-defined independent of the
application. Therefore, Subsection 2d requires that any
application-supplied function or table used by this function must
be optional: if the application does not supply it, the square

root function must still compute square roots.)

These requirements apply to the modified work as a whole. If
identifiable sections of that work are not derived from the Library,
and can be reasonably considered independent and separate works in
themselves, then this License, and its terms, do not apply to those
sections when you distribute them as separate works. But when you
distribute the same sections as part of a whole which is a work based
on the Library, the distribution of the whole must be on the terms of
this License, whose permissions for other licensees extend to the
entire whole, and thus to each and every part regardless of who wrote

it.

Thus, it is not the intent of this section to claim rights or contest
your rights to work written entirely by you; rather, the intent is to
exercise the right to control the distribution of derivative or

collective works based on the Library.

In addition, mere aggregation of another work not based on the Library
with the Library (or with a work based on the Library) on a volume of
a storage or distribution medium does not bring the other work under

the scope of this License.
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3. You may opt to apply the terms of the ordinary GNU General Public
License instead of this License to a given copy of the Library. To do
this, you must alter all the notices that refer to this License, so
that they refer to the ordinary GNU General Public License, version 2,
instead of to this License. (If a newer version than version 2 of the
ordinary GNU General Public License has appeared, then you can specify
that version instead if you wish.) Do not make any other change in

these notices.

Once this change is made in a given copy, it is irreversible for
that copy, so the ordinary GNU General Public License applies to all

subsequent copies and derivative works made from that copy.

This option is useful when you wish to copy part of the code of

the Library into a program that is not a library.

4. You may copy and distribute the Library (or a portion or
derivative of it, under Section 2) in object code or executable form
under the terms of Sections 1 and 2 above provided that you accompany
it with the complete corresponding machine-readable source code, which
must be distributed under the terms of Sections 1 and 2 above on a

medium customarily used for software interchange.

If distribution of object code is made by offering access to copy
from a designated place, then offering equivalent access to copy the
source code from the same place satisfies the requirement to
distribute the source code, even though third parties are not

compelled to copy the source along with the object code.

5. A program that contains no derivative of any portion of the
Library, but is designed to work with the Library by being compiled or
linked with it, is called a "work that uses the Library". Such a
work, in isolation, is not a derivative work of the Library, and

therefore falls outside the scope of this License.

However, linking a "work that uses the Library" with the Library
creates an executable that is a derivative of the Library (because it

contains portions of the Library), rather than a "work that uses the
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library". The executable is therefore covered by this License.

Section 6 states terms for distribution of such executables.

When a "work that uses the Library" uses material from a header file
that is part of the Library, the object code for the work may be a
derivative work of the Library even though the source code is not.
Whether this is true is especially significant if the work can be
linked without the Library, or if the work is itself a library. The
threshold for this to be true is not precisely defined by law.

If such an object file uses only numerical parameters, data
structure layouts and accessors, and small macros and small inline
functions (ten lines or less in length), then the use of the object
file is unrestricted, regardless of whether it is legally a derivative
work. (Executables containing this object code plus portions of the
Library will still fall under Section 6.)

Otherwise, if the work is a derivative of the Library, you may
distribute the object code for the work under the terms of Section 6.
Any executables containing that work also fall under Section 6,

whether or not they are linked directly with the Library itself.

6. As an exception to the Sections above, you may also combine or
link a "work that uses the Library" with the Library to produce a
work containing portions of the Library, and distribute that work
under terms of your choice, provided that the terms permit
modification of the work for the customer's own use and reverse

engineering for debugging such modifications.

You must give prominent notice with each copy of the work that the
Library is used in it and that the Library and its use are covered by
this License. You must supply a copy of this License. If the work
during execution displays copyright notices, you must include the
copyright notice for the Library among them, as well as a reference
directing the user to the copy of this License. Also, you must do one

of these things:

a) Accompany the work with the complete corresponding
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machine-readable source code for the Library including whatever
changes were used in the work (which must be distributed under
Sections 1 and 2 above); and, if the work is an executable linked
with the Library, with the complete machine-readable "work that
uses the Library", as object code and/or source code, so that the
user can modify the Library and then relink to produce a modified
executable containing the modified Library. (It is understood
that the user who changes the contents of definitions files in the
Library will not necessarily be able to recompile the application

to use the modified definitions.)

b) Use a suitable shared library mechanism for linking with the
Library. A suitable mechanism is one that (1) uses at run time a
copy of the library already present on the user's computer system,
rather than copying library functions into the executable, and (2)
will operate properly with a modified version of the library, if
the user installs one, as long as the modified version is

interface-compatible with the version that the work was made with.

c) Accompany the work with a written offer, valid for at
least three years, to give the same user the materials
specified in Subsection 6a, above, for a charge no more

than the cost of performing this distribution.

d) If distribution of the work is made by offering access to copy
from a designated place, offer equivalent access to copy the above

specified materials from the same place.

e) Verify that the user has already received a copy of these

materials or that you have already sent this user a copy.

For an executable, the required form of the "work that uses the
Library" must include any data and utility programs needed for
reproducing the executable from it. However, as a special exception,
the materials to be distributed need not include anything that is
normally distributed (in either source or binary form) with the major
components (compiler, kernel, and so on) of the operating system on

which the executable runs, unless that component itself accompanies
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the executable.

It may happen that this requirement contradicts the license
restrictions of other proprietary libraries that do not normally
accompany the operating system. Such a contradiction means you cannot
use both them and the Library together in an executable that you

distribute.

7. You may place library facilities that are a work based on the
Library side-by-side in a single library together with other library
facilities not covered by this License, and distribute such a combined
library, provided that the separate distribution of the work based on
the Library and of the other library facilities is otherwise

permitted, and provided that you do these two things:

a) Accompany the combined library with a copy of the same work
based on the Library, uncombined with any other library
facilities. This must be distributed under the terms of the

Sections above.

b) Give prominent notice with the combined library of the fact
that part of it is a work based on the Library, and explaining

where to find the accompanying uncombined form of the same work.

8. You may not copy, modify, sublicense, link with, or distribute
the Library except as expressly provided under this License. Any
attempt otherwise to copy, modify, sublicense, link with, or
distribute the Library is void, and will automatically terminate your
rights under this License. However, parties who have received copies,
or rights, from you under this License will not have their licenses

terminated so long as such parties remain in full compliance.

9. You are not required to accept this License, since you have not
signed it. However, nothing else grants you permission to modify or
distribute the Library or its derivative works. These actions are
prohibited by law if you do not accept this License. Therefore, by
modifying or distributing the Library (or any work based on the

Library), you indicate your acceptance of this License to do so, and
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all its terms and conditions for copying, distributing or modifying

the Library or works based on it.

10. Each time you redistribute the Library (or any work based on the
Library), the recipient automatically receives a license from the
original licensor to copy, distribute, link with or modify the Library
subject to these terms and conditions. You may not impose any further
restrictions on the recipients' exercise of the rights granted herein.
You are not responsible for enforcing compliance by third parties with

this License.

11. If, as a consequence of a court judgment or allegation of patent
infringement or for any other reason (not limited to patent issues),
conditions are imposed on you (whether by court order, agreement or
otherwise) that contradict the conditions of this License, they do not
excuse you from the conditions of this License. If you cannot
distribute so as to satisfy simultaneously your obligations under this
License and any other pertinent obligations, then as a consequence you
may not distribute the Library at all. For example, if a patent
license would not permit royalty-free redistribution of the Library by
all those who receive copies directly or indirectly through you, then
the only way you could satisfy both it and this License would be to

refrain entirely from distribution of the Library.

If any portion of this section is held invalid or unenforceable under any
particular circumstance, the balance of the section is intended to apply,

and the section as a whole is intended to apply in other circumstances.

It is not the purpose of this section to induce you to infringe any
patents or other property right claims or to contest validity of any
such claims; this section has the sole purpose of protecting the
integrity of the free software distribution system which is
implemented by public license practices. Many people have made
generous contributions to the wide range of software distributed
through that system in reliance on consistent application of that
system; it is up to the author/donor to decide if he or she is willing
to distribute software through any other system and a licensee cannot

impose that choice.
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This section is intended to make thoroughly clear what is believed to

be a consequence of the rest of this Licemnse.

12. If the distribution and/or use of the Library is restricted in
certain countries either by patents or by copyrighted interfaces, the
original copyright holder who places the Library under this License may add
an explicit geographical distribution limitation excluding those countries,
so that distribution is permitted only in or among countries not thus
excluded. 1In such case, this License incorporates the limitation as if

written in the body of this License.

13. The Free Software Foundation may publish revised and/or new
versions of the Lesser General Public License from time to time.
Such new versions will be similar in spirit to the present version,

but may differ in detail to address new problems or concerns.

Each version is given a distinguishing version number. If the Library
specifies a version number of this License which applies to it and
"any later version", you have the option of following the terms and
conditions either of that version or of any later version published by
the Free Software Foundation. If the Library does not specify a
license version number, you may choose any version ever published by

the Free Software Foundation.

14. If you wish to incorporate parts of the Library into other free
programs whose distribution conditions are incompatible with these,
write to the author to ask for permission. For software which is
copyrighted by the Free Software Foundation, write to the Free
Software Foundation; we sometimes make exceptions for this. Our
decision will be guided by the two goals of preserving the free status
of all derivatives of our free software and of promoting the sharing

and reuse of software generally.

NO WARRANTY

15. BECAUSE THE LIBRARY IS LICENSED FREE OF CHARGE, THERE IS NO
WARRANTY FOR THE LIBRARY, TO THE EXTENT PERMITTED BY APPLICABLE LAW.
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EXCEPT WHEN OTHERWISE STATED IN WRITING THE COPYRIGHT HOLDERS AND/OR
OTHER PARTIES PROVIDE THE LIBRARY "AS IS" WITHOUT WARRANTY OF ANY
KIND, EITHER EXPRESSED OR IMPLIED, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE. THE ENTIRE RISK AS TO THE QUALITY AND PERFORMANCE OF THE
LIBRARY IS WITH YOU. SHOULD THE LIBRARY PROVE DEFECTIVE, YOU ASSUME
THE COST OF ALL NECESSARY SERVICING, REPAIR OR CORRECTION.

16. IN NO EVENT UNLESS REQUIRED BY APPLICABLE LAW OR AGREED TO IN
WRITING WILL ANY COPYRIGHT HOLDER, OR ANY OTHER PARTY WHO MAY MODIFY
AND/OR REDISTRIBUTE THE LIBRARY AS PERMITTED ABOVE, BE LIABLE TO YOU
FOR DAMAGES, INCLUDING ANY GENERAL, SPECIAL, INCIDENTAL OR
CONSEQUENTIAL DAMAGES ARISING OUT OF THE USE OR INABILITY TO USE THE
LIBRARY (INCLUDING BUT NOT LIMITED TO LOSS OF DATA OR DATA BEING
RENDERED INACCURATE OR LOSSES SUSTAINED BY YOU OR THIRD PARTIES OR A
FATILURE OF THE LIBRARY TO OPERATE WITH ANY OTHER SOFTWARE), EVEN IF
SUCH HOLDER OR OTHER PARTY HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH
DAMAGES.

END OF TERMS AND CONDITIONS

How to Apply These Terms to Your New Libraries

If you develop a new library, and you want it to be of the greatest
possible use to the public, we recommend making it free software that
everyone can redistribute and change. You can do so by permitting
redistribution under these terms (or, alternatively, under the terms of the

ordinary General Public License).

To apply these terms, attach the following notices to the library. It is
safest to attach them to the start of each source file to most effectively
convey the exclusion of warranty; and each file should have at least the

"copyright" line and a pointer to where the full notice is found.

<one line to give the library's name and a brief idea of what it does.>

Copyright (C) <year> <name of author>

This library is free software; you can redistribute it and/or
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modify it under the terms of the GNU Lesser General Public
License as published by the Free Software Foundation; either

version 2.1 of the License, or (at your option) any later version.

This library is distributed in the hope that it will be useful,
but WITHOUT ANY WARRANTY; without even the implied warranty of
MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the GNU

Lesser General Public License for more details.

You should have received a copy of the GNU Lesser General Public

License along with this library; if not, write to the Free Software
Foundation, Inc., 51 Franklin Street, Fifth Floor, Boston, MA 02110-1301
USA

Also add information on how to contact you by electronic and paper mail.
You should also get your employer (if you work as a programmer) or your
school, if any, to sign a "copyright disclaimer" for the library, if
necessary. Here is a sample; alter the names:
Yoyodyne, Inc., hereby disclaims all copyright interest in the
library “Frob' (a library for tweaking knobs) written by James Random

Hacker.

<signature of Ty Coon>, 1 April 1990

Ty Coon, President of Vice

That's all there is to it!

u8g2

This product uses the u8g?2 software library, copyright by Oli Kraus, licensed under
the following terms:

Universal 8bit Graphics Library (https://github.com/olikraus/u8g2)

Copyright (c) 2016, olikraus@gmail.com
All rights reserved.
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Redistribution and use in source and binary forms, with or without modification,

are permitted provided that the following conditions are met:

* Redistributions of source code must retain the above copyright notice, this list

of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the above copyright notice, this
list of conditions and the following disclaimer in the documentation and/or other

materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND
CONTRIBUTORS "AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES,
INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE
DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT HOLDER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT
NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;
L0OSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER
CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF
ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

minlzma

This product uses the minlzma software library, copyright by Alex lonescu, licensed
under the following terms:

MIT License

Copyright (c) 2020 Alex Ionescu

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal

in the Software without restriction, including without limitation the rights

to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
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copies of the Software, and to permit persons to whom the Software is

furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in all

copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE
SOFTWARE.
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