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Writing a unit generator (UGen) for SuperCollider 3 can be extremely useful, allow-
ing the addition of new audio generation and processing capabilities to the synthesis 
server. The bulk of the work is C++ programming, but the API (Application Pro-
gramming Interface) is essentially quite simple — so even if you have relatively little 
experience with C/C++, you can start to create UGens based on existing examples.

You’re probably already familiar with UGens from other chapters. Before creating 
new UGens of your own, let’s first consider what a UGen really is, from the plug-in 
programmer’s point of view.

25.1 What Is a UGen, Really?

A UGen is a component for the synthesis server, defined in a plug-in, which can re-
ceive a number of floating-point data inputs (audio- or control-rate signals or con-
stant values) and produce a number of floating-point data outputs, as well as “side 
effects” such as writing to the post window, accessing a buffer, or sending a message 
over a network. The server can incorporate the UGen into a synthesis graph, passing 
data from 1 UGen to another.

When using SC language, we need to have available a representation of each UGen 
which provides information about its inputs and outputs (the number, type, etc.). 
These representations allow us to define synthesis graphs in SC language (Synth-
Defs). Therefore, each UGen also comes with an SC class; these classes are always 
derived from a base class, appropriately called VB��.

So to create a new UGen you need to create both the plug-in for the server and the 
class file for the language client.

25.2 An Aside: Pseudo UGens

Before we create a “real” UGen, we’ll look at something simpler. A pseudo UGen is 
an SC class that “behaves like” a UGen from the user’s point of view but doesn’t 
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involve any new plug-in code. Instead, it just encapsulates some useful arrangement 
of existing units. Let’s create an example, a simple reverb effect:
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This isn’t a very impressive reverb yet, but we’ll improve it later. 
As you can see, this is a class like any other, with a single class method. The ?�� 

method name is not special  —  in fact, you could use any method name (including 
?���). We are free to use the full power of SC language, including constructs such as 
���;�����, to choose a random delay time for our effect. The only real requirement 
for a pseudo UGen is that the method returns something that can be embedded in a 
synth graph. In our simple example, what is returned is an D������' applied to the 
input.

Copy the above code into a new file and save it as, for instance, Reverb1.sc in your 
SCClassLibrary or Extensions folder; then recompile. You’ll now be able to use 
 1����!
��� within your SynthDefs, just as if it were a “real” UGen. Let’s test this:
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You may wish to save this usage example as a rudimentary Help file, Reverb1.html.
To make the reverb sound more like a reverb, we modify it to perform 6 similar 

all-pass delays in a row, and we also add some LPF units in the chain to create a nice 
frequency roll-off. We also add parameters:
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This is on the way toward becoming a useful reverb unit without having created a 
real plug-in at all. 

This approach has definite limitations. It is of course confined to processes that 
can be expressed as a combination of existing units — it can’t create new types of 
processing or new types of server behavior. It may also be less efficient than an 
equivalent UGen, because it creates a small subgraph of units that pass data to each 
other and must maintain their own internal states separately.

Now let’s consider what is involved in creating a “real” UGen.

25.3 Steps Involved in Creating a UGen

1. First, consider exactly what functionality you want to encapsulate into a single 
unit. An entire 808-drum machine, or just the cymbal sound? Smaller components 
are typically better, because they can be combined in many ways within a SynthDef. 
Efficiency should also be a consideration.
2. Second, write the Help file. Really — it’s a good idea to do this before you start 
coding, even if you don’t plan to release the UGen publicly.

As well as being a good place to keep the example code which you can use while 
developing and testing the UGen, it forces you to think clearly about the inputs and 
outputs and how the UGen will be used in practice, thus weeding out any conceptual 
errors.

A Help file is also a good reminder of what the UGen does — don’t underestimate 
the difficulties of returning to your own code, months or years later, and trying to 
decipher your original intentions!

The Help file will be an HTML file with the same name as the UGen. There is a 
“Documentation Style Guide” in the SC Help system which includes tips and recom-
mendations for writing Help documentation. But, of course, during development the 
Help file doesn’t need to be particularly beautiful.
3. Third, write the class file. You don’t need to do this before starting on the C++ 
code, but it’s a relatively simple step. Existing class files (e.g., for SinOsc, LPF, Pitch, 
Dwhite) can be helpful as templates. More on this shortly.
4. Fourth, write the plug-in code. The programming interface is straightforward, 
and again existing plug-in code can be a helpful reference: all UGens are written 
as plug-ins — including the “core” UGens — so there are lots of code examples  
available.

We now consider writing the class file and writing the plug-in code.
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25.4 Writing the Class File

A class file for a UGen is much like any other SC class, with the following conditions:

It must be a subclass of VB��. This is so that methods defined in the VB�� class can be 
used when the language builds the SynthDef (synth graph definition).
The name of the class must match the name used in the plug-in code — the class name 
is used to tell the server which UGen to instantiate.
It must implement the appropriate class methods for the rates at which it can run 
(e.g., ?��, ?(�, and/or ?��). These method names are referenced for rate checking 
during the SynthDef building process.
The class methods must call the ���	�'�� method (defined in the main VB�� class), 
which processes the arguments and adds the UGen correctly to the SynthDef that is 
being built.

The class file does not have any direct connection with the C++ plug-in code — after 
all, it’s the server that uses the plug-in code, while the class file is for the language 
client.

Let’s look at a well-known example:
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As you can see, ���$�� is a subclass of VB�� and implements 2 class methods. Both 
of these methods call ���	�'�� and return the result, which is 1 or more instances of 
the UGen we are interested in. The methods also call ����, which we’ll discuss 
shortly.

The first argument to ���	�'�� is a symbol to indicate the rate at which the 
 particular UGen instance will be operating: this could be “�����,” “���	���,” 
 “������,” or “������.” The remaining arguments are those that will actually be 
passed to the C++ plug-in — here ���K and �����. If any of these arguments are ar-
rays, ���	�'�� performs multichannel expansion, creating a separate unit to handle 
each channel. Indeed, this is why the method is called ���	�'��.

Note that the ��� and ��� arguments are not being passed in to ���	�'��. This 
means that the actual plug-in code for SinOsc will never be able to access them. In-
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stead, this UGen makes use of the ���� method, which is essentially a convenience 
for multiplication and addition of the unit’s output. As well as avoiding the pro-
grammer’s having to implement the multiplication and addition part of the process, 
the ���� method performs some general optimizations (e.g., in the very common 
degenerate case of multiplying by 1 and adding 0; no processing is really required, 
so the UGen is simply returned unaltered). It is the convention to add ��� and ��� 
arguments to UGens as the final 2 arguments, as is done here; these 2 arguments are 
often very useful and are supported by many UGens. (Due to their commonness, 
they are often undocumented in Help files.)

Let’s start to draft the class file for a UGen we can implement. We’ll create a basic 
“flanger” which takes some input and then adds an effect controlled by rate and 
depth parameters:
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Save this as Flanger.sc in your extensions directory. If you recompile, you’ll find that 
this is sufficient to allow you to use &��������� or &�������(� in SynthDefs, which 
the SuperCollider language will happily compile — but of course those SynthDefs 
won’t run yet, because we haven’t created anything to tell the server how to produce 
the Flanger effect.

25.4.1 Checking the Rates of Your Inputs

Because SuperCollider supports different signal rates, it is useful to add a bit of “san-
ity checking” to your UGen class to ensure that the user doesn’t try to connect things 
in a way that doesn’t make sense: for example, plugging an audio-rate value into a 
scalar-rate input.

The VB�� class provides a ����(I���	� method which you can override to perform 
any appropriate checks. When the SynthDef graph is built, each UGen’s ����(I���	� 
method will be called. The default method defined in VB�� simply passes through to 
����(O����I���	�, which checks that each of the inputs is really something that can 
be plugged into a synth graph (and not some purely client-side object such as, say, an 
�8W����� or a E��().
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The M��W� UGen is an example which implements its own rate checking. Let’s look 
at what the class does:
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If M��W� is used to write audio-rate data to a buffer, then the input specifying the 
phase (i.e., the position at which data is written) must also be at audio rate — there’s 
no natural way to map control-rate index data to a buffer which is taking audio-rate 
data. Therefore the class overrides the ����(I���	� method to test explicitly for this. 
The ��	� variable is the rate of the unit under consideration (a symbol, just like the 
first argument to ���	�'��). The ����	� variable is an array of the unit’s inputs, each 
of which will be a UGen and thus will also have a ��	� variable. So the method com-
pares the present unit’s rate against its first input’s rate. It simply returns a string 
if there’s a problem (returning anything other than nil is a sign of an error found 
while checking input). If there’s not a problem, then it passes through to the default 
����(O����I���	� method — if you implement your own method checking, don’t 
 forget to pass through to this check.

Many UGens produce output at the same rate as their first input — for example, 
filters such as %2& or �2&. If you look at their class definition (or their superclass, in 
the case of %2& and �2& — an abstract class called &��	��), you’ll see that they call a 
convenience method for this common case called ����(����1�	�D�&���	I���	. Ob-
serve the result of these checks:
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What happens if you don’t add rate checking to your UGens? Often it makes little 
difference, but ignoring rate checking can sometimes lead to unusual errors that are 
hard to trace. For example, a UGen that expects control-rate input is relatively safe, 
because it expects less input data than an audio-rate UGen — so if given audio-rate 
data, it simply ignores most of it. But in the reverse case, a UGen that expects audio-
rate data but is given only control-rate data may read garbage input from memory 
that it shouldn’t be reading.
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Returning to the &������ example created earlier, you may wish to add rate check-
ing to that class. In fact, since the Flanger is a kind of filter, you might think it sen-
sible to use the ����(����1�	�D�&���	I���	 approach, either directly or by modifying 
the class so that it subclasses &��	�� rather than VB��.

25.5 Writing the C++ Code

25.5.1 Build Environments: Xcode, scons . . .

UGen plug-ins are built just like any other C++ project. To make things easier for 
yourself as a developer, you can use and adapt 1 of the project files which are distrib-
uted along with SuperCollider’s source code:

On Mac, the Xcode project file Plugins.xcodeproj is used to build the core set of 
SuperCollider plug-ins. It’s relatively painless to add a new “target” to this project in 
order to build your own plug-ins — this is the approach used in the SuperCollider 
Help document “Writing Unit Generators,” which has more details about the Xcode 
specifics.
On Linux, the scons project file SConstruct is used to build SuperCollider as a whole. 
You can edit this file using a text editor to add your plug-in’s build instructions. Al-
ternatively, the “sc3-plug-ins” SourceForge project provides an SConstruct file 
purely for building UGens — you may find it easier to start from that as a template.
On Windows, Visual Studio project files are provided to compile plug-ins, including 
a UGEN_TEMPLATE_VCPROJ.vcprojtemplate file which you can use as a basis.

You can, of course, use other build environments if you prefer.

25.5.2 When Your Code Will Be Called

The server (scsynth) will call your plug-in code at 4 distinct points:

When scsynth boots, it calls the plug-in’s ����#- function, which primarily declares 
which UGens the plug-in can provide.
When a UGen is instantiated (i.e., when a synth starts playing), scsynth calls the 
UGen’s constructor function to perform the setting up of the UGen.
To produce sound, scsynth calls each UGen’s calculation function in turn, once for 
every control period. This is typically the function which does most of the interesting 
work in the UGen. Since it is called only once during a control period, this function 
must produce either a single control-rate value or a whole block’s worth of audio-
rate values during 1 call. (Note: Demand UGens don’t quite fit this description and 
will be covered later.)
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When a synth is ended, some UGens may need to perform some tidying up, such as 
freeing memory. If so, these UGens provide a destructor function which is called at 
this point.

25.5.3 The C++ Code for a Basic UGen

The code in figure 25.1 shows the key elements we need to include in our Flanger 
plug-in code.

Here is what this code does:

First, the R������� command calls the main header file for SuperCollider’s plug-in 
interface, SC_PlugIn.h. This is sufficient to include enough SuperCollider infrastruc-
ture for most types of UGen. (For phase vocoder UGens, more may be needed, as 
described later.)
The static I�	������E�!�� pointer is a reference to a table of SuperCollider functions 
such as the ones used to register a new UGen.
We define a data structure (a “struct”) which will hold any data we need to store 
during the operation of the UGen. This struct, which needs to be remembered or 
passed from 1 audio block to the next, must be stored here. Note that the struct in-
herits from the base struct V��	 — this is necessary so that scsynth can correctly write 
information into the struct, such as the rate at which the unit is running.
We declare our UGen’s functions, using the �4	�����8� specifier so that the scsynth 
executable is able to reference the functions using C linkage. In a given plug-in we 
are allowed to define 1 or more UGens. Each of these will have 1 constructor 
(“Ctor”) function, 1 or more calculation (“next”) functions, and optionally 1 de-
structor (“Dtor”) function.
Our constructor function, &������P8	��#-, takes a pointer to a Flanger struct and 
must prepare the UGen for execution. It must do the following 3 things:

1. Initialize the Flanger struct’s member variables appropriately. In this case we ini-
tialize the ����"���� member to a value representing a 20-millisecond maximum 
delay, making use of the �D@2%01DE0 macro which the SuperCollider API provides to 
specify the sample rate for the UGen. For some of the other struct members, we wish 
to calculate the values based on an input to the UGen. We can do this using the I'�#- 
macro, which grabs a single control-rate value from the specified input. Here, we use 
I'�#
- — remembering that numbering starts at 0, this corresponds to the second 
input, defined in the Flanger class file as “rate.” These macros (and others) will be 
discussed later.

2. Tell scsynth what the calculation function will be for this instance of the UGen. 
The �0E8D%8 macro stores a reference to the function in our unit’s struct. In our ex-
ample there’s only 1 choice, so we simply call �0E8D%8#&������P��4	-. It’s possible 
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Figure 25.1
C++ code for a Flanger UGen. This code doesn’t add any effect to the sound yet, but contains 
the key elements required for all UGens.
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Figure 25.1
(continued)
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to define multiple calculation functions and allow the constructor to decide which 
one to use. This is covered later.

3. Calculate one sample’s worth of output, typically by calling the unit’s calculation 
function and asking it to process 1 sample. The purpose of this is to “prime” the 
inputs and outputs of all the unit generators in the graph and to ensure that the con-
structors for UGens farther down the chain have their input values available so they 
can initialize correctly.

Our calculation function, &������P��4	#-, should perform the main audio process-
ing. In this example it doesn’t actually alter the sound — we’ll get to that shortly — but 
it illustrates some important features of calculation functions. It takes 2 arguments 
passed in by the server: a pointer to the struct and an integer specifying how many 
values are to be processed (this will be 1 for control-rate, more for audio-rate —  
typically 64).
The last thing in our C++ file is the ����#- function, called when the scsynth execut-
able boots up. 
We store the reference to the interface table which is passed in — note that although 
you don’t see any explicit references to �	 elsewhere in the code, that’s because they 
are hidden behind macros which make use of it to call functions in the server. 
We must also declare to the server each of the UGens which our plug-in defines. This 
is done using a macro 9�����������V��	#&������-, which tells the server to register 
a UGen with the name Flanger and with a constructor function named Flanger_Ctor. 
It also tells the server that no destructor function is needed. If we did require a de-
structor, we would instead use 9�����9	��V��	#&������-, which tells the server that 
we’ve also supplied a destructor function named Flanger_Dtor. You must name your 
constructor/destructor functions in this way, since the naming convention is hard-
coded into the macros.

So what is happening inside our calculation function? Although in our example the 
input doesn’t actually get altered before being output, the basic pattern for a typical 
calculation function is given. We do the following:

Create pointers to the input and output arrays which we will access: ����	�?��� �
I'#�-������	�?��	� �$VE#�-; The macros I'#- and $VE#- return appropriate point-
ers for the desired inputs/outputs — in this case the first input and the first output. If 
the input is audio-rate, then ��:�< will refer to the first incoming sample, ��:
< to 
the next incoming sample, and so on. If the input is control-rate, then there is only 1 
incoming value, ��:�<.
We use the macro I'�#- again to grab a single control-rate value, here the “depth” 
input. Note that I'�#- is actually a shortcut to the first value in the location refer-
enced by I'#-. I'�#
- is exactly the same as I'#
-:�<.
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We copy some values from the UGen’s struct into local variables. This can improve 
the efficiency of the unit, since the C++ optimizer will typically cause the values to be 
loaded into registers.
Next we loop over the number of input frames, each time taking an input value, 
processing it, and producing an output value. We could take values from multiple 
inputs, and even produce multiple outputs, but in this example we’re using only 1 
full-rate input and producing a single output. Two important notes:
If an input/output is control-rate and you mistakenly treat it as audio-rate, you will 
be reading/writing memory you should not be, and this can cause bizarre prob-
lems and crashes; essentially this is just the classic C/C++ “gotcha” of accidentally 
treating an array as being bigger than it really is. Note that in our example, we 
 assume that the input and output are of the same size, although it’s possible that 
they aren’t — some UGens can take audio-rate input and produce control-rate   
output. This is why it is useful to make sure your SuperCollider class code includes 
the rate-checking code described earlier in this chapter. You can see why the 
����(����1�	�D�&���	I���	 approach is useful in this case.
The server uses a “buffer coloring” algorithm to minimize use of buffers and to 
 optimize cache performance. This means that any of the output buffers may be 
the same as 1 of the input buffers. This allows for in-place operation, which is 
very efficient. You must be careful, however, not to write any output sample 
 before you have read the corresponding input sample. If you break this rule, then 
the input may be overwritten with output, leading to undesired behavior. If you 
can’t write the UGen efficiently without breaking this rule, then you can instruct 
the server not to alias the buffers by using the 9�����������8��	D����V��	#- or 
 9�����9	��8��	D����V��	#- macros in the ����#- function, rather than the 
 9�����������V��	#- or 9�����9	��V��	#- macros. (The Help file on writing UGens 
provides an example in which this ordering is important.)
Finally, having produced our output, we may have modified some of the variables we 
loaded from the struct; we need to store them back to the struct so the updated val-
ues are used next time. Here we store the ��	� value back to the struct — although we 
don’t modify it in this example, we will shortly change the code so that this may 
happen.

The code in figure 25.1 should compile correctly into a plug-in. With the class file in 
place and the plug-in compiled, you can now use the UGen in a synth graph:

��!��	
#
4� �

�����������*���"*���	�
�������� �������#:
��*�
;�*�)��<-������
������	� �&���������#���-�
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������	�����?���)�
�����"#�-�
-

Remember that Flanger doesn’t currently add any effect to the sound. But we can at 
least check that it runs correctly (outputting its input unmodified and undistorted) 
before we start to make things interesting.

25.5.4 Summary: The Three Main Rates of Data Output

Our example has taken input in 3 different ways:

Using I'�#- in the constructor to take an input value and store it to the struct for 
later use. Since this reads a value only once, the input is being treated as a scalar-rate 
input.
Using I'�#- in the calculation function to take a single input value. This treats the 
input as control-rate.
Using I'#- in the calculation function to get a pointer to the whole array of inputs. 
This treats the input as audio-rate. Typically the size of such an input array is ac-
cessed using the ��'��������� argument, but note that if you create a control-rate 
UGen with audio-rate inputs, then ��'��������� will be wrong (it will be 1), so you 
should instead use the macro &V%%MV&%0'BE� (see table 25.2).

If the data that one of your UGen’s inputs is fed is actually audio-rate, there is no 
danger in treating it as control-rate or scalar-rate. The end result is to ignore the 
“extra” data provided to your UGen. Similarly, a control-rate input can safely be 
treated as scalar-rate. The result would be crude downsampling without low-pass 
filtering, which may be undesirable but will not crash the server.

25.5.5 Allocating Memory and Using a Destructor

Next we can develop our Flanger example so that it applies an effect to the sound. 
In order to create a flanging effect, we need a short delay line (around 20 milli-
seconds). We vary the amount of delay and mix the delayed sound with the input 
to produce the effect.

To create a delay line, we need to allocate some memory and store a reference to 
that memory in the UGen’s data structure. And, of course, we need to free this 
memory when the UGen is freed. This requires a UGen with a destructor. Figure 25.2 
shows the full code, with the destructor added, as well as the code to allocate, free, 
and use the memory. Note the change in the ����#- function — we use 9�����9	��7
V��	#- rather than 9�����������V��	#-. (We’ve also added code to the calculation 
function which reads and writes to the delay line, creating the flanging effect.)
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Figure 25.2
Completed C++ code for the Flanger UGen.
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Figure 25.2
(continued)
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Figure 25.2
(continued)
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SuperCollider UGens allocate memory differently from most programs. Ordi-
nary memory allocation and freeing can be a relatively expensive operation, so 
 SuperCollider provides a real-time pool of memory from which UGens can borrow 
chunks in an efficient manner. The functions to use in a plug-in are in the right-hand 
column of table 25.1, and the analogous functions (the ones to avoid) are shown in 
the left-hand column.

1ED���� and 1E&��� can be called anywhere in your constructor/calculation/
destructor functions. Often you will 1ED���� the memory during the constructor and 
1E&��� it during the destructor, as is done in figure 25.2.

Memory allocated in this way is taken from the (limited) real-time pool and is not 
accessible outside the UGen (e.g., to client-side processes). If you require large 
amounts of memory or wish to access the data from the client, you may prefer to use 
a buffer allocated and then passed in from outside — this is described later.

25.5.6 Providing More Than 1 Calculation Function

Your UGen’s choice of calculation function is specified within the constructor rather 
than being fixed. This gives an opportunity to provide different functions optimized 
for different situations (e.g., 1 for control-rate and 1 for audio-rate input) and to 
decide which to use. This code, used in the constructor, would choose between 2 
calculation functions according to whether the first input was audio-rate or not:

���#I'1DE0#�-�  �����P&���1�	�-�

�����0E8D%8#&������P��4	P�-�
�������

�����0E8D%8#&������P��4	P(-�
�

You would then provide both a &������P��4	P�#- and a &������P��4	P(#- function.
Similarly, you could specify different calculation functions for audio-rate versus 

control-rate output (e.g., by testing whether MV&%0'BE� is 1; see table 25.2), although 
this is often catered for automatically when your calculation function uses the 
 ��'��������� argument to control the number of loops performed, and so on.

Table 25.1
Memory Allocation and Freeing

Typical C Allocation/Freeing In SuperCollider (using the real-time pool)

�����?�	�� �������#���!"	��- �����?�	�� �1ED����#���	7U�W����*����!"	��-
����#�	�- 1E&���#���	7U�W����*��	�-
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Table 25.2
Useful Macros for UGen Writers

Macro Description

I'(index) A float* pointer to input number index

$VE(index) A float* pointer to output number index

I'�(index) A single (control-rate) value from input number 
index

$VE�(index) A single (control-rate) value at output number 
index

I'1DE0(index) The rate of input index, an integer value 
corresponding to 1 of the following constants:
 ����P������1�	� (scalar-rate)
 ����PM��1�	� (control-rate)
 ����P&���1�	� (audio-rate)
 ����P9�����1�	� (demand-rate)

�0E8D%8(func) Set the calculation function to func

�D@2%01DE0 The sample rate of the UGen as a double. Note: for 
control-rate UGens this is not the full audio rate 
but audio rate/blocksize)

�D@2%09V1 Reciprocal of �D@2%01DE0 (seconds per sample)

MV&%0'BE� Equal to the block size if the unit is audio rate and 
to 1 if the unit is control rate

MV&1DE0 The control rate as a double

MV&9V1 The reciprocal of MV&1DE0
B0EMV& Treats the UGen’s first input as a reference to a 

buffer; looks this buffer up in the server, and 
provides variables for accessing it, including 
����	?�!��9�	�, which points to the data; ���	.)�
!��&����� for how many frames the buffer 
contains; ���	.)�!��8������� for the number of 
channels in the buffer

8����V��	$�	��	�(unit, 
inNumSamples)

A function which sets all the unit’s outputs to 0

2���	(fmt, ...) Print text to the SuperCollider post window; 
arguments are just like those for the C function 
printf

9���D�	���(doneAction, unit) Perform a “doneAction,” as used in EnvGen, 
DetectSilence, and others

1ED����(world, numBytes) Allocate memory from the real-time pool—
analogous to malloc(numBytes)

1E1������(world, pointer, 
numBytes)

Reallocate memory in the real-time pool—
analogous to realloc(pointer, numBytes)
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The unit’s calculation function can also be changed during execution — the 
 �0E8D%8#- macro can safely be called from a calculation function, not just from the 
constructor. Whenever you call �0E8D%8#-, this changes which function the server 
will call, from the next control period onward.

The Help file on writing UGens shows more examples of �0E8D%8#- in use.

25.5.7 Trigger Inputs

Many UGens make use of trigger inputs. The convention here is that if the input is 
nonpositive (i.e., 0 or negative), then crosses to any positive value, a trigger has oc-
curred. If you wish to provide trigger inputs, use this same convention.

The change from nonpositive to positive requires checking the trigger input’s value 
against its previous value. This means that our struct will need a member to store the 
previous value for checking. Assuming that our struct contains a float member 
 ����	���, the following sketch outlines how we handle the incoming data in our 
calculation function:

j��	�	���� �I'�#.-��==�$����������������	�"�������
j��	�����	���� ����	7U����	����
��#����	���T ��hh�	����U�-

����==������������	��������
�
���	7U����	���� �	�����==��	����������	������ii��4	�	�����	3���!��	���
����������������

The sketch is for a control-rate trigger input, but a similar approach is used for au-
dio-rate triggering, too. For audio-rate triggering, you need to compare each value 
in the input block against the value immediately previous. Note that for the very first 
value in the block, you need to compare against the last value from the previous 
block (which you must have stored).

Table 25.2
(continued)

Macro Description

1E&���(world, pointer) Free allocated memory back to the real-time pool—
analogous to free(pointer)

����E������(node, triggerID, value) Send a trigger from the node to clients, with integer 
ID, triggered, and float value value

&V%%1DE0 The full audio sample rate of the server (irrespective 
of the rate of the UGen) as a double

&V%%MV&%0'BE� The integer number of samples in an audio-rate 
input (irrespective of the rate of the UGen)
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For complete code examples, look at the source of the E���
 UGen, found in 
 TriggerUGens.cpp in the main SC distribution.

25.5.8 Accessing a Buffer

When a buffer is allocated and then passed in to a UGen, the UGen receives the in-
dex number of that buffer as a float value. In order to get a pointer to the correct 
chunk of memory (as well as the size of that chunk), the UGen must look it up in the 
server’s list of buffers.

In practice this is most easily achieved by using a macro called B0EPMV&. You can 
call B0EPMV& near the top of your calculation function, and then the data are avail-
able via a float pointer ?!��9�	� along with 2 integers defining the size of the buffer, 
!��8������� and !��&�����. Note that the macro assumes the buffer index is the first 
input to the UGen (this is the case for most buffer-using UGens).

For examples which use this approach, look at the code for the 9��(I� or 9��($�	 
UGens, defined in DiskIO_UGens.cpp in the main SC distribution.

Your UGen does not need to free the memory associated with a buffer once  
it ends. The memory is managed externally by the buffer allocation/freeing server 
commands.

25.5.9 Randomness

The API provides a convenient interface for accessing good-quality pseudo-random 
numbers. The randomness API is specified in SC_RGen.h and provides functions for 
random numbers from standard types of distribution: uniform, exponential, bilin-
ear, and quasi-Gaussian (such as ���.����, also available client-side). The server 
creates an instance of the random number generator for UGens to access. The fol-
lowing excerpt shows how to generate random numbers for use in your code:

1B���h������ �?���	7U�2����	7U�1B����
j��	��j� �����������#-��==�D��������j��	*���������"����	��!�	��*�����	��

��
��	�����)� �����������#;,-��==�D����������	����*���������"����	��!�	��*���
	��;;����������
j��	������� ���������.����#.�;-��==�c����7B�������*�����	���	��������k.�;

25.5.10 When Your UGen Has No More to Do

Many UGens carry on indefinitely, but often a UGen reaches the end of its useful 
“life” (e.g., it finishes outputting an envelope or playing a buffer). There are 3 spe-
cific behaviors that might be appropriate if your UGen does reach a natural end:
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1. Some UGens set a “done” flag to indicate that they’ve finished. Other UGens can 
monitor this and act in response to it (e.g., 9���, &�������W���9���). See the Help 
files for examples of these UGens. If you wish your UGen to indicate that it has fin-
ished, set the flag as follows:

���	7U�9���� �	����

This doesn’t affect how the server treats the UGen — the calculation function will still 
be called in future.
2. UGens such as 0��B��, %����, 9�	", and %��� provide a “doneAction” feature 
which can perform actions such as freeing the node once the UGen has reached the 
end of its functionality. You can implement this yourself simply by calling the 
 9���D�	���#- macro, which performs the desired action. You would typically allow 
the user to specify the doneAction as an input to the unit. For example, if the 
 doneAction is the sixth input to your UGen, you would call

9���D�	���#I'�#;-*����	-

Since this can perform behaviors such as freeing the node, many UGens stop calcu-
lating/outputting after they reach the point of calling this macro. See, for example, 
the source code for 9�	��	�������, which sets its calculation function to a no-op 
9�	��	�������P���� function at the point where it calls 9���D�	���. Not all 
 ����D�	���� free the synth, though, so additional output is not always redundant.
3. If you wish to output zeroes from all outputs of your unit, you can simply call the 
8����V��	$�	��	� function as follows:

8����V��	$�	��	�#���	*���'���������-�
Notice that this function has the same signature as a calculation function: as ar-
guments it takes a pointer to the unit struct and an integer number of samples. You 
can take advantage of this similarity to provide an efficient way to stop producing 
output:

�0E8D%8#?8����V��	$�	��	�-�

Calling this would mean that your calculation function would not be called in future 
iterations. Instead, 8����V��	$�	��	� would be called. Therefore this provides an 
irreversible but efficient way for your UGen to produce silent output for the remain-
der of the synth’s execution.

25.5.11 Summary of Useful Macros

Table 25.2 summarized some of the most generally useful macros defined for use in 
your UGen code. Many of these are discussed in this chapter, but not all are covered 
explicitly. The macros are defined in SC_Unit.h and SC_InterfaceTable.h.
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25.6 Specialized Types of UGen

25.6.1 Multiple-Output UGens

In the C++ code, writing UGens which produce multiple outputs is very straightfor-
ward. The $VE#- macro gets a pointer to the desired-numbered output. Thus, for a 
3-output UGen, assign each one ($VE#�-, $VE#
-, $VE#)-) to a variable, then write 
output to these 3 pointers.

In the SuperCollider class code, the default is to assume a single output, and we 
need to modify this behavior. Let’s look at the 2�	�� UGen to see how it’s done:

2�	���+�@��	�$�	VB���


����?(��
������� ����*����	&��K� �55���*����&��K� �,���*���4&��K� �5�����*�
���������4��&��K� �
����*���4M���2��$�	���� �
,*�������� �
*�
�����������E��������� ����
*����(E��������� ���;*������������ �
�
����d	�������	�'��#3���	���3*���*����	&��K*����&��K*���4&��K*��4��&��K*
�����������4M���2��$�	���*�������*����E��������*����(E��������*�����������-
�����
�������	�
��������	��I���	��
������������	�� �	��I���	��
��������d	�������	$�	��	�#)*���	�-�
�����
�

There are 2 differences from an ordinary UGen. First, 2�	�� is a subclass of 
 @��	�$�	VB�� rather than of VB��; @��	�$�	VB�� takes care of some of the changes 
needed to work with a UGen with multiple outputs. Second, the ���	 function is 
overridden to say exactly how many outputs this UGen will provide (in this case, 2).

For 2�	��, the number of outputs is fixed, but in some cases it might depend on 
other factors. 2��"M�� is a good example of this: its number of outputs depends on 
the number of channels in the !�����(s) it is expecting to play, specified using the 
���8������� argument. The init method for 2��"M�� takes the ���8������� input 
(i.e., the first value from the list of inputs passed to init) and specifies that as the 
number of outputs.

25.6.2 Passing Arrays into UGens

25.6.2.1 The class file
As described earlier, the ���	�'�� method automatically performs multichannel ex-
pansion if any of the inputs are arrays — yet in some cases we want a single unit to 
handle a whole array, rather than having 1 unit per array element. The M��W� and 
1�����M�� UGens are good examples of UGens that do exactly this: each UGen can 
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take an array of inputs and write them to a multichannel buffer. Here’s how the class 
file handles this:

1�����M���+�VB���

�����?���
��������	D���"*�!������ ��*������	� ����*����%����� �
��*�

���%����� ����*����� �
��*������ �
��*�	������� �
���
���������d	�������	�'��%��	#:3�����3*�!�����*������	*����%����*����%����*�

���*�����*�	������<�>>�����	D���"���D���"-�
�����
�

Instead of calling the VB�� method ���	�'��, we call ���	�'��%��	, which is the same 
except that all the arguments are a single array rather than a separated argument list. 
This means that the ����	D���" argument (which could be either a single unit or an 
array), when concatenated onto the end of the argument list using the >> array con-
catenation operator, in essence appears as a  set of separate input arguments rather 
than a single array argument.

Note that 1�����M�� doesn’t know in advance what size the input array is going to 
be. Because of the array flattening that we perform, this means that the 1�����M�� 
C++ plug-in receives a variable number of inputs each time it is instantiated. Our 
plug-in code will be able to detect how many inputs it receives in a given instance.

Why do we put ����	D���" at the end of the argument list? Why not at the begin-
ning, in parallel with how a user invokes the 1�����M�� UGen? The reason is to make 
things simpler for the C++ code, which will access the plug-in inputs according to 
their numerical position in the list. The ���%���� input, for example, is always the 
third input, whereas if we inserted ����	D���" into the list before it, its position 
would depend on the size of ����	D���".

The 2��� UGen uses a very similar procedure, converting a string of text into 
an array of ASCII characters and appending them to the end of its argument list. 
However, the 2��� class code must perform some other manipulations, so it is per-
haps less clear as a code example than 1�����M��. But if you are developing a UGen 
that needs to pass text data to the plug-in, 2��� shows how to do it using this array 
approach.

25.6.2.2 The C++ code
Ordinarily we access input data using the I'#- or I'�#- macro, specifying the num-
ber of the input we want to access. Arrays are passed into the UGen as a separate 
numeric input for each array element, so we access these elements in exactly the 
same way. But we need to know how many items to expect, since the array can be of 
variable size.

The V��	 struct can tell us how many inputs in total are being provided (the mem-
ber ���	7U�'��I���	�. Look again at the 1�����M�� class code given above. There 
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are 7 “ordinary” inputs, plus the array appended to the end. Thus the number of 
channels in our input array is #���	7U�'��I���	��_�H-. We use this information to 
iterate over the correct number of inputs and process each element.

25.6.3 Demand-Rate UGens

25.6.3.1 The class file
Writing the class file for a demand-rate UGen is straightforward. Look at the code 
for units such as 9������, 9����, or 9���	� as examples. They differ from other 
UGen class files in 2 ways:

1. The first argument to ���	�'�� (or ���	�'��%��	) is 3������3.
2. They implement a single class method, ?���, rather than ?��/?(�/?��. This is be-
cause although some UGens may be able to run at multiple rates (e.g., audio rate or 
control rate), a demand-rate UGen can run at only 1 rate: the rate at which data are 
demanded of it.

25.6.3.2 The C++ code
The C++ code for a demand-rate UGen works as normal, with the constructor spec-
ifying the calculation function. However, the calculation function behaves slightly 
differently.

First, it is not called regularly (once per control period) but only when demanded, 
which during a particular control period could be more than once or not at all. This 
means that you can’t make assumptions about regular timing, such as the assump-
tions made in an oscillator which increments its phase by a set amount each time it 
is called.

Second, rather than being invoked directly by the server, the calculation function 
calls are actually passed up the chain of demand-rate generators. Rather than using 
the I'#- or I'�#- macros to access an input value (whose generation will have been 
coordinated by the server), we instead use the 90@D'9I'2VE#- macro, which requests 
a new value directly from the unit farther up the chain, “on demand.”

Note: because of the method used to demand the data, demand-rate UGens are 
currently restricted to being single-output.

25.6.4 Phase Vocoder UGens

Phase vocoder UGens operate on frequency-domain data stored in a buffer (pro-
duced by the &&E UGen). They don’t operate at a special “rate” of their own: in real-
ity they are control-rate UGens. They produce and consume a control-rate signal 
which acts as a type of trigger: when an FFT frame is ready for processing, its value 
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is the appropriate buffer index; otherwise, its value is –1. This signal is often referred 
to as the “chain” in SC documentation.

25.6.4.1 The class file
As with demand-rate UGens, phase vocoder UGens (PV UGens) can have only a 
single rate of operation: the rate at which FFT frames are arriving. Therefore, PV 
UGens implement only a single ?��� class method, and they specify their rate as 
“control” in the call to ���	�'��. See the class files for 2OP@��@�� and 2OPM���(W��� 
as examples of this.

PV UGens process data stored in buffers, and the C++ API provides some useful 
macros to help with this. The macros assume that the first input to the UGen is the 
one carrying the FFT chain where data will be read and then written, so it is sensible 
to stick with this convention.

25.6.4.2 The C++ code
PV UGens are structured just like any other UGen, except that to access the  
frequency-domain data held in the external buffer, there are certain macros and pro-
cedures to use. Any of the core UGens implemented in PV_UGens.cpp should serve 
as a good example to base your own UGens on. Your code should include the header 
file FFT_UGens.h, which defines some PV-specific structs and macros. 

Two important macros are 2OPB0EPMV& and 2OPB0EPMV&), one of which you use at 
the beginning of your calculation function to obtain the FFT data from the buffer. 
These macros implement the special PV UGen behavior: if the FFT chain has “fired,” 
then they access the buffer(s) and continue with the rest of the calculation function; 
but if the FFT chain has not “fired” in the current control block, then they output a 
value of –1 and return (i.e., they do not allow the rest of the calculation function to 
proceed). This has the important consequence that although your calculation func-
tion code will look “as if” it is called once per control block, in fact your code will 
be executed only at the FFT frame rate. 

2OPB0EPMV& will take the FFT chain indicated by the first input to the UGen and cre-
ate a pointer to these data called ?!��.
2OPB0EPMV&) is for use in UGens which process 2 FFT chains and write the result 
back out to the first chain: it takes the FFT chain indicated by the first and second 
inputs to the UGen and creates pointers to the data called ?!��
 and ?!��).
It should be clear that you use 2OPB0EPMV& or 2OPB0EPMV&), but not both.

Having acquired a pointer to the data, you will of course wish to read/write that 
data. Before doing so, you must decide whether to process the complex-valued data 
as polar coordinates or Cartesian coordinates. The data in the buffer may be in 
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 either format (depending on what has happened to it so far). To access the data as 
Cartesian values you use

�88�����4M���?�� �E�8�����4D�4#!��-�

and to access the data as polar values you use

�82����M���?�� �E�2����D�4#!��-�

These 2 data structures, and the 2 functions for obtaining them, are declared in 
FFT_UGens.h. The name � for the pointer is of course arbitrary, but it’s what we’ll 
use here.

FFT data consist of a complex value for each frequency bin, with the number of 
bins related to the number of samples in the input. But in the SuperCollider context 
the input is real-valued data, which means that (a) the bins above the Nyquist fre-
quency (which is half the sampling frequency) are a mirror image of the bins below, 
and can therefore be neglected; and (b) phase is irrelevant for the DC and Nyquist 
frequency bins, so these 2 bins can be represented by a single-magnitude value rather 
than a complex value.

The end result of this is that we obtain a data structure containing a single DC 
value, a single Nyquist value, and a series of complex values for all the bins in be-
tween. The number of bins in between is given by the value ���!���, which is pro-
vided for us by 2OPB0EPMV& or 2OPB0EPMV&). The data in a Cartesian-type struct (an 
�88�����4M��) are of the form

�7U��
�7U!��:�<�����
�7U!��:�<�����
�7U!��:
<�����
�7U!��:
<�����
���
�7U!��:���!����_�
<�����
�7U!��:���!����_�
<�����
�7U�"K

The data in a polar-type struct (an �82����M��) is of the form

�7U��
�7U!��:�<����
�7U!��:�<������
�7U!��:
<����
�7U!��:
<������
���
�7U!��:���!����_�
<����
�7U!��:���!����_�
<������
�7U�"K
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Note that the indexing is slightly strange: engineers commonly refer to the DC com-
ponent as the “first” bin in the frequency-domain data. However in these structs, 
because the DC component is represented differently, !��:�< is actually the first non-
DC bin — what would sometimes be referred to as the second bin. Similarly, keep in 
mind that ���!��� represents the number of bins not including the DC or Nyquist 
bins.

To perform a phase vocoder manipulation, simply read and write to the struct 
(which actually is directly in the external buffer). The buffer will then be passed 
down the chain to the next phase vocoder UGen. You don’t need to do anything 
extra to “output” the frequency-domain data.

When compiling your PV UGen, you will need to compile/link against  SCComplex
.cpp from the main SuperCollider source, which provides the implementation of 
these frequency-domain data manipulations.

25.7 Practicalities

25.7.1 Debugging

Standard C++ debugging procedures can be used when developing UGens. The sim-
plest method is to add a line into your code which prints out values of variables — you 
can use the standard C++ ����	�#- method, which in a UGen will print text to the 
post window.

For more power, you can launch the server process, then attach a debugger such 
as gdb (the GNU debugger) or Xcode’s debugger (which is actually gdb with a 
graphical interface) to perform tasks such as pausing the process and inspecting val-
ues of variables. On Mac, if you use the debugger to launch SuperCollider.app, re-
member that the local server runs in a process different from the application. You 
can either launch the application using the debugger and booting the internal server, 
or you can launch just the server (scsynth) using the debugger, which then runs as a 
local server. In the latter case you need to ensure your debugger launches scsynth 
with the correct arguments (e.g., �7��;H

��).

When debugging a UGen that causes server crashes, you may wish to look at your 
system’s crash log for scsynth. The most common cause of crashes is introduced 
when using 1ED���� and 1E&��� — if you try to 1E&��� something that has not yet 
been 1ED����’ed, or otherwise is not a pointer to the real-time memory pool, this can 
cause bad-access exceptions to appear in the crash log. If the crash log seems to re-
veal that your UGen is somehow causing crashes inside core UGens which normally 
behave perfectly, then check that your code does not write data outside of the ex-
pected limits: make sure you 1ED���� the right amount of space for what you’re 
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 doing (for example, with arrays, check exactly which indices your code attempts to 
access).

25.7.2 Optimization

Optimizing code is a vast topic and often depends on the specifics of the code in 
question. However, we can suggest some optimization tips for writing SuperCollider 
UGens. The efficiency/speed of execution is usually the number-one priority, espe-
cially since a user may wish to employ many instances of the UGen simultaneously. 
The difference between a UGen that takes 2.5% and another that takes 1.5% CPU 
may seem small, but the first limits you to 40 simultaneous instances, while the sec-
ond will allow up to 66; a 65% increase. Imagine doing your next live performance 
on a 4-year-old processor — that’s essentially the effect of the less efficient code.

Avoid calls to “expensive” procedures whenever possible. For example, floating-
point division is typically much more expensive than multiplication, so if your unit 
must divide values by some constant value which is stored in your struct, rewrite this 
so that the reciprocal of that value is stored in the struct and you can perform a 
multiplication rather than a division. If you want to find an integer power of 2, use 
bit shifting (
� TT� �) rather than the expensive math function (���#)*� �-). Other 
expensive floating-point operations are square-root finding and trigonometric oper-
ations (���, ���, 	��, etc.). Precalculate and store such values wherever possible, 
rather than calculating them afresh every time the calculation function is called.
As a typical example, often a filter UGen will take a user parameter (such as cutoff 
frequency) and use it to derive internal filter coefficients. If you store the previous 
value of the user parameter and use this to check whether it has changed at all —  
updating the coefficients only upon a change — you can improve efficiency, since of-
ten UGens are used with fixed or rarely changing parameters.
One of the most important SuperCollider-specific choices is, for reading a certain 
input or even performing a given calculation, whether to do this at scalar/control/
audio rate. It can be helpful to allow any and all values to be updated at audio rate, 
but if you find that a certain update procedure is expensive and won’t usually be 
required to run at audio rate, it may be preferable to update only once during a cal-
culation function.
Creating multiple calculation functions, each appropriate to a certain context (e.g., 
to a certain combination of input rates, as demonstrated earlier), and choosing the 
most appropriate, can allow a lot of optimization. For example, a purely control-
rate calculation can avoid the looping required for audio-rate calculation and typi-
cally produces a much simpler calculation as a result. There is a maintenance 
overhead in providing these alternatives, but the efficiency gains can be large. In this 
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tension between efficiency and code comprehensibility/reusability, you should re-
member the importance of adding comments to your code to clarify the flow and the 
design decisions you have made.
In your calculation function, store values from your struct as well as input/output 
pointers/values as local variables, especially if referring to them multiple times. This 
avoids the overhead of indirection and can be optimized (by the compiler) to use 
registers better.
Avoid 9�����������8��	D����V��	 and 9�����9	��8��	D����V��	. As described ear-
lier, 9�����������8��	D����V��	 is available as an alternative to 9�����������V��	 
in cases where your UGen must write output before it has read from the inputs, but 
this can decrease cache performance.
Avoid peaky CPU usage. A calculation function that does nothing for the first 99 
times it’s called, then performs a mass of calculations on the 100th call, could cause 
audio dropouts if this spike is very large. To avoid this, “amortize” your unit’s effort 
by spreading the calculation out, if possible, by precalculating some values which are 
going to be used in that big 100th call.

On Mac, Apple’s vDSP library can improve speed by vectorizing certain calculations. 
If you make use of this, or other platform-specific libraries, remember the consider-
ations of platform independence. For example, use preprocessor instructions to 
choose between the Mac-specific code and ordinary C++ code:

R����8P9D1WI'
==�E���@��7�����e�������������	��������#���������*�����*��9�2�����	����-
R����
==�E����������������������	�������
R�����

�8P9D1WI' is a preprocessor value set to 1 when compiling SuperCollider on Mac 
(this is set in the Xcode project settings). Branching like this introduces a mainte-
nance overhead, because you need to make sure that you update both branches in 
parallel.

25.7.3 Distributing Your UGens

Sharing UGens with others contributes to the SuperCollider community and is a very 
cool thing to do. A SourceForge project, “sc3-plug-ins,” exists as a repository for 
downloadable UGen plug-ins produced by various people. You may wish to publish 
your work either there or separately.

Remember that SuperCollider is licensed under the well-known GPL (GNU Public 
License) open-source license, including the plug-in API. So if you wish to distrib-
ute your plug-ins to the world, they must also be GPL-licensed. (Note: you retain 
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copyright in any code you have written. You do not have to sign away your copy-
right in order to GPL-license a piece of code.) Practically, this has a couple of impli-
cations:

• You should include a copyright notice, a copy of the GPL license text, and the 
source code with your distributed plug-in.
• If your plug-in makes use of third-party libraries, those libraries must be available 
under a “GPL-compatible” copyright license. See the GNU GPL Web site for further 
discussion of what this means.

25.8 Conclusion

This chapter doesn’t offer an exhaustive list of all that’s possible, but it provides you 
with the core of what all UGen programmers need to know. If you want to delve 
deeper, you will find the online community to be a valuable resource for answers to 
questions not covered here; and the source code for existing UGens provides a wealth 
of useful code examples.

The open-source nature of SuperCollider makes for a vibrant online developer 
community. Whether you are tweaking 1 of SuperCollider’s core UGens or develop-
ing something very specialized, you’ll find the exchange of ideas with SuperCollider 
developers can be rewarding for your own projects as well as for others and can feed 
into the ongoing development of SuperCollider as a uniquely powerful and flexible 
synthesis system.


