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Abstract 

This project is an interactive environment which allows the user to 

explore various sound generation techniques. The three methods of 

sound generation used are ( 1) FM synthesis, (2) Additive synthesis, 

and ( 3) Karp/us/Strong synthesis of plucked strings. The project also 

provides the capability to display the generated sound wave/ orms and 

analyze the spectrum of the generated sounds. This document de­

scribes in detail the theory behind each of the sound generation 

techniques and details of how they were implemented on the Macin­

tosh TM computer. 

Macintosh is a trademark of Apple Computer, Inc. 
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1. Introduction 

As stated by Scaletti and Johnson[ 6], many of the early attempts at computer-based interactive sound 

synthesis suffered from dreadfully slow turnaround times measured in hours or even days. This is 

due mainly to the bulk of data required to accurately reproduce a sound . Recording or synthesizing 

frequencies that span the human hearing range (20Hz - 20kHz) requires a sampling rate of 40kHz . 

Using 16 bit samples, one minute of sound requires 4.8 million bytes; for stereo, the figure doubles. 

One way around the problem is to implement the sound synthesis algorithms in hardware such as in 

a synthesizer . This allows real time sound synthesis at the cost of flexibility. 

This system is designed around a high speed DSP (Digital Signal Processing) chip and takes 

advantage of the inherent sound processing power built into it. The result is a flexible system allowing 

the sound experimentalist real time interaction with the sound . 

Another problem with synthesis systems is the cumbersome task of entering and changing 

parameters to create different timbres. When done by hand, this can be a very tedious and error-prone 

chore. This interactive tool uses an intuitive graphical representation of the parameters which the user 

can directly manipulate. This both reduces the manual typing while providing a visual representation 

of the numerical values. 

Synthesis and playback of a sound are only part of the picture. To be able to analyze the synthesized 

sound the experimenter has the option of viewing the sound in the time domain or the frequency 

domain. In the time domain the experimenter has the ability to view a graphical representation of the 

sound samples. In the frequency domain, the system allows the user to "playback" the spectrum of 

the sound. This is achieved by presenting the user with "tape-deck like" controls which provide the 

means to navigate through the sound . More information on this can be found in section 6 of this paper . 

Sections 2-4 of this paper deal with the synthesis techniques used in the project, section 5 provides 

insight to the signal analysis tools, section 6 deals with the user interface design issues and section 

7 discusses the custom C++ classes that were designed for this project. 
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2. Additive Synthesis 

2.1 Theory 

Additive synthesis, as the name implies, consists of adding together multiple signals to form the 

output. The "primitive" signals that are added together are normally simple periodic waves such as 

sine, triangle, square, or saw-tooth. This unit generator is fundamental to almost all computer sound 

synthesis and is called an oscillator. The parameters that can be sent to an oscillator determine its 

amplitude, frequency, and waveform. To generate sounds that resemble naturally occurring ones, 

each oscillator must have separate time-varying functions for frequency and amplitude. The outputs 

of each of the oscillators are then summed to form the complete signal. This is depicted in figure 1. 

Additive synthesis is a very flexible and powerful tool in that, given enough oscillators, any set of 

spectral components can then be synthesized to form any sound. The drawback of additive synthesis 

is that it is hard to choose parameters that produce a desired sound. One way around the problem is 

to sample (digitally record) a sound that is close to what is desired, analyze the sound using spectrum 

analysis tools, "resynthesize" the sound using additive synthesis , and then experiment by changing 

the parameters slightly. It may be helpful to have a knowledge of the behavior of functions that 

describe natural sounds. For example, in many acoustic instruments the higher harmonics attack last 

••• 

Page 2 



and decay first. Further information on characteristics of musical instruments can be found in Grey 

[4]. 

One further drawback of additive synthesis is the tremendous amount of computation to describe the 

sound, since each of the oscillators require two separate time-variant functions (frequency and 

amplitude). Another complication is that once the desired timbre has been synthesized, it is normally 

useful only for a small range of pitch and volume. For example, if an experimenter sampled the sound 

of a piano and resynthesized it using additive synthesis, the synthesized sound would sound authentic 

only within a small frequency deviation from the sampled sound. Playing the sound at a louder 

volume would not change the dynamics of the sound, but would give the listener the illusion that the 

piano was closer. 

2.2 Implementation 

This system provides the user with four sine wave oscillators to generate a sound. The user is able 

to draw an "envelope" (a time-variant function) for both the amplitude and the frequency of the 

oscillator. When the program is asked to generate a sound using additive synthesis, it loads the 

appropriate program into the DSP, gives it the parameters that the user has specified, and lets the DSP 

output the sound samples to the digital-to-analog converter. 

On the DSP side, the output of the oscillators is derived from a table lookup algorithm with linear 

interpolation. The wave table is a 256 entry sine table. The signal/noise ratio (SIN) of the sound is 

related to the table size. Let k be related to the table size (N) by k=log 2N. If the entries in the table 

are stored with sufficient precision to prevent significant quantization noise, the worst SIN ratio that 

can occur is given by the approximate expressions 12(k-1 )dB [3]. Using this formula, the worst case 

SIN ratio is approximately 

12*(log2256 - 1) = 84 dB. 

The noise level resulting from a fractional sampling increment varies directly with the amplitude of 

the signal. Thus, SIN ratio due to this effect is the same on loud sounds as it is on soft sounds. 

Page 3 



3. FM Synthesis 

3.1 Theory 

In Frequency Modulation (FM) synthesis, the instantaneous frequency of a carrier wave is varied 

according to a modulating wave, such that the rate at which the carrier varies is the frequency of the 

modulating wave, or modulating frequency[2]. The amount the carrier varies around its average, or 

the peak frequency deviation, is proportional to the amplitude of the modulating wave. The 

parameters of an FM signal are c (carrier frequency or average frequency), m (modulation 

frequency), and d (peak deviation). The equation for a frequency-modulated wave of peak amplitude 

A where both the carrier and modulating waves are sinusoids is 

e = A sin(at + I sinBt) [2] 

where e = the instantaneous amplitude of the modulated carrier , a= the carrier frequency in radians/ 

second, B = the modulating frequency in radians/second, and I= d/m = the mcxiulation index (the ratio 

of the peak deviation to the modulating frequency). When I = 0 the frequency deviation is also 0 so 

there is no modulation. When I is greater than 0, however, frequencies occur above and below the 

carrier frequency at intervals of the modulating frequency. The number of side frequencies which 

occur is related to the mcxlulation index in such a way that as I increases from 0, energy is "stolen" 

from the carrier and distributed among an increasing number of side frequencies. This increasing 

band width as I increases (with a constant modulating frequency) is shown in figure 2 on the next page. 

The amplitudes of the carrier and sideband components are determined by Bessel functions of the 

first kind and the nth order, Jn(I), the argument to which is the mcxlulation index. The zeroth-order 

Bessel function and index I, JO(I), yields an amplitude scaling coefficient for the carrier frequency; 

the first-order, Jl(I), yields a scaling coefficient for the first upper and lower side frequencies; the 

second-order, 12(1), for the second upper and lower side frequencies; and so forth. The higher the 

order of the side frequency the larger the index must be for that side frequency to have a significant 

amplitude. The first eight Bessel functions are plotted in figure 3. The total bandwidth is approxi­

mately equal to twice the sum of the frequency deviation and the modulating frequency, or 

Bandwidth"" 2(d + m). 
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All of the above relationships are expressed in the following trigonometric expansion: 
e = A {JO(l)sinat 

+ Jl(l)[sin(a + 6)t - sin(a - 8)t] 
+ J2(I)[sin(a + 28)t + sin(a - 28)t] 
+ J3(1)[sin(a + 38)t - sin(a - 36)tl 

+ ... } [2] 

As can be seen, the complexity of the spectrum is related to the modulation index in such a way that, 

as the index increases, the bandwidth of the spectrum also increases. If the modulation index were 

made to be a function of time, the evolution of the bandwidth of the spectrum could be generally 

described by the shape of the function. 

This implementation uses an envelope function on the modulation index to provide an index that 
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Figure 2. Illustration of increasing bandwidth as the modulation index is 
increased. c=carrier frequency, m=modulation frequency 
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changes with time providing a rich, time-varying spectrum. The progression of the spectral 

components with index can be complicated when the effects of the folded negative sideband are taken 

into account. After examining the shape of the Bessel functions, it is not hard to see that the evolution 

of an FM signal generally has a certain amount of "ripple" in it. That is, as the index increases, the 

amplitude of any particular component will not increase smoothly, but instead will alternately 

increase and decrease, sometimes going to zero. The amount of ripple is somewhat proportional to 

the maximum value of the modulation index. For example, figure 4 on the next page, plots the time­

varying spectrum produced by the instrument in that figure with the parameter values indicated. 

Unlike additive synthesis, frequency modulation allows only certain types of spectral evolutions. An 

effective strategy for using FM to synthesize a timbre is to select the spectral envelope that will realize 

the desired evolution of the overall richness, the bandwidth, of the spectrum. Because time evolution 
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Figure 3. Illustration of first eight Bessel functions vs. modulation index 

Page 6 



Harmonic 

Time 

► 

I max* f m 

Amplitude 

Time 
► 

Time 

Figure 4. Simple FM synthesis instrument, and the dynamic spectrum produced 
by it. In this example the modulation frequency= carrier fre­
quency. 
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of the richness of the spectrum is an important element in the perception of timbre, a wide variety 

of tones can be synthesized by this technique. 

The following is an edited excerpt from a note by Marc Le Brun which describes a common bug when 

implementing FM synthesis with digital oscillators. 

Each oscillator of the FM synthesis algorithm is represented by a number PHASE, giving the current 

phase of the oscillator. The pseudo-code to get the next sample from an oscillator is given as: 

OSCILLATOR(PHASE, AMP, INCREMENT) 
BEGIN 

END; 

SIGNAL= SINET ABLE[PHASE]; 
PHASE= PHASE+ INCREMENT; 
RETURN(SIGNAL * AMP); 

The INCREMENT argument corresponds in the discrete oscillator to the frequency in a continuous 

oscillator, and it is commonly thought of as the frequency parameter despite the fact that usually some 

arithmetic must be done, such as multiplying by a constant in order to convert from frequency in Hertz 

to the sort of increment appropriate for the table lookup. In the following we will assume that this 

argument can be provided directly in frequency units. 

Given the above format it is easy to take an expression, such as 

a*sin(w*t), 

describing an oscillator with amplitude a and frequency w (t being time), and implement it directly 

with the expression 

OSCILLATOR (PHASE, a, w). 

Given Chowning's FM formula, the obvious implementation would use two oscillators, each with 

a corresponding phase and parameters: 

FMBUG (CARPHASE, MODPHASE, AMP, MODINDEX, CARINC, MODINC) 
BEGIN 

MODSIGNAL = OSCILLATOR(MODPHASE, MODINDEX, MODINC); 
CARSIGNAL = OSCILLATOR(CARPHASE, AMP, CARINC + MODSIGNAL); 
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RETURN(CARSIGNAL); 
END; 

Although this looks quite reasonable, this naive implementation does not compute the above FM 

expression! Let us look more closely to find the reason. The part of the expression that gives the 

instantaneous phase, p, of the outer sine (ie, the carrier oscillator) is: 

p = at + Isin(Bt) . . 

To convert this phase into the instantaneous frequency, w, we take the derivative with respect to time: 

w = dp/dt = a + IBcos(Bt). 

Comparing this with the above routine we find that there is nothing corresponding to the multipli­

cation by B, the modulating frequency. This means that if we attempt to use the above routine to 

synthesize an FM signal we wind up getting a modulation index that is effectively 1/B times what we 

expect. Thus the bandwidth will be decreased by a factor proportional to the modulating frequency. 

Of course, we would expect the spectral profile to remain the same no matter what the modulating 

frequency was, as long as the index and ratio of carrier to modulating frequency remained the same. 

Thus this is a bug. 

To fix this problem one need simply difference the modulating term with its value from the previous 

sample: 

FM (CARPHASE, MODPHASE, AMP, MODINDEX, CARINC, MOD INC, OLDMOD) 
BEGIN 

MODSIGNAL = OSCILLATOR(MODPHASE, MODINDEX, MODINC); 
CARSIGNAL = OSCILLATOR(CARPHASE, AMP, CARINC+MODSIGNAL-OLDMOD); 
OLDMOD = MODSIGNAL; 
RETURN(CARSIGNAL); 

END; 

Various other methods, such as multiplying by the modulating frequency are both more expensive 

and may be incorrect when the frequencies are not constant. 

It should be noted that we are dealing here with a discrete system, and the use of differentiation in 

the above discussion is not quite valid. For our purposes here, 1/B is a sufficiently good approximation 
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( 4) 

(5) 

Figure 5. Diagram of the 7 FM configurations available to the user in the 
system. The e's correspond to carrier oscillators and the m's 
correspond to modulation oscillators. 

to the actual quantity. 

3.2 Implementation 

This system allows the user to choose from seven configurations each consisting of four oscillators. 

The diagrams for these configurations is shown in figure 5. In the diagram, an oscillator that is above 

and connected to another oscillator modulates the lower one. Oscillators that are on the same level 

(1) Asin(c + (11 sin(m1 + I2sin(m2 + I3sin(m3))))) 

(2) Asin(c + 11 sin(m1 + (I2sin(m2) + I3sin(m3))))) 

(3) Asin(c + (11 sin(m1) + (I2sin(m2 + I3sin(m3))))) 

(4) (A 1 sin(c1 + 11 sin(m1 ))) + (A2sin(c2 + I2sin(m2))) 

(5) (A 1 sin(c1 + 11 sin(m))) + (A2sin(c2 + I2sin(m))) + (A3sin(c3 + I3sin(m))) 

(6) A 1 sin(c1) + (A2sin(c2 + 11 sin(m))) + (A3sin(c3 + 11 sin(m))) 

(7) A1sin(c1) + A2sin(c2) + (A3sin(c3 + I1sin(m))) 

Table 1. Formulas for the 7 FM configurations. 
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and connected have their signals summed. The formulas for the configurations are shown on the 

previous page in table 1. Note that the A's are amplitude envelopes applied to the carrier oscillators, 

and the I's are the envelopes applied to the modulation index of the modulating oscillators. These 

seven configurations allow a wide variety of sounds to be synthesized by specifying only a few 

parameters. 

The user is able to draw the modulation index envelope for modulating oscillators and the amplitude 

envelope for carrier oscillators. The frequency of the oscillators is also specified by the user. More 

information on this can be found in section 6. 

3.3 Future Research 

It would be interesting to apply an envelope to the frequency of the carrier and modulation oscillators. 

One could also study the effects of shifting the phase of the oscillators, or using waveforms other than 

a sinusoid for either the carrier, the oscillator, or both. 
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4. Karplus/Strong Algorithm for Plucked String Timbres 

4.1 Theory 

The Karplus/Strong algorithm for plucked string timbres is a modification of a standard wavetable 

synthesis technique. Wavetable synthesis consists of repeating a number of samples over and over 

thus producing a purely periodic signal. If we let Yt be the value of the tth sample, the algorithm can 

be written mathematically as 

The parameter p is called the wavetable length or periodicity parameter. It represents the period of 

the tone (in samples). The initial conditions of the recurrence relation completely determine the 

resulting timbre. Normally, a sine wave , triangle wave, square wave, or other simple waveform is 

calculated and loaded into the wavetable before the note is played . With a sampling frequency off ., 

the frequency of the tone is f /p. 

Alex Strong invented a technique to change this fixed harmonic content periodic signal into a time­

varying harmonic rich sound by averaging two successive samples in the wave table. This can be 

written mathematically as 

It turns out that this averaging process produces a slow decay of the waveform. The resulting tone 

of this algorithm has a pitch that corresponds to a period of p + 1/2 samples (frequency = f /(p + 1/ 

2), and sounds remarkably like the decay of a plucked string[5]. The recurrence can be viewed as a 

digital filter without inputs as in Figure 6. Initially filling the wavetable with random values creates 

a spectrum that is rich with harmonics, which is consistent with that of a string sound. With the delay 

produced by the averaging, the higher harmonics decay rapidly leaving almost a pure sine wave. 

4.2 Implementation 

As suggested by Karplus and Strong I use a two-level randomness in the initial wave table. This 

produces a signal about 5 dB louder than uniform random numbers, and can be described 
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mathematically as 

Yt= !+A probability½} 

-A probability½ 

For the Karplus/S trong algorithm, the system generates a random wavetable length which corresponds 

to a random pitch. A wave table of the appropriate length is created, two-level random values are 

loaded into it, and the algorithm generates the number of samples necessary to produce a sound of 

the desired length. 
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5. Spectrum Analysis 

5.1 Theory 

A signal can be described either by its pattern of amplitude versus time (its waveform or time domain) 

or by its distribution of energy versus frequency (its spectrum or frequency domain). Either form of 

this dual representation is sufficient to describe the signal completely. The Fast Fourier Transform 

(FFT) is the bridge between these two representations. Since we are dealing with sampled data (ie 

the time domain data are at discrete instants of time) we will be using the discrete Fourier transform. 

One important feature of the discrete transform is that the data is subdivided into fixed sized blocks 

called records, each consisting of a number of samples. The transformation assumes that the samples 

in a record represent exactly one cycle of a periodic signal. This assumption is almost never true; to 

compensate for this we must choose a record size which is large enough to span several cycles of the 

lowest sampled frequency. This reduces the error introduced by the partial cycle at the beginning and 

ending of record. Further, we apply an amplitude envelope to the sampled data to force continuity 

between the start and end of the record. 

Another consideration when choosing a record size is the fact that the FFf returns an average of the 

spectrum content for the time frame within the record. Therefore, if the sound being analyzed has a 

rapidly changing spectrum and we use a very large record size, details of the spectrum could be lost. 

So there is a trade-off between choosing a large record size for good frequency resolution and a 

smaller record size to follow a rapidly changing spectrum. The problem can be dealt with quite 

adequately by using overlap between the records of the analysis thus achieving a high spectral sample 

rate while maintaining a larger record size for better frequency resolution. 

The first step in preparation for the FFT is choosing the record size. Since the spectrum is averaged 

over the duration of the record, the time resolution of the FFf can be no better than the record 

duration . And since the FFT gives harmonic frequencies that are integral multiples of the reciprocal 

of the record duration, the frequency resolution can be no better than this either . An audio sampling 

rate of 24kHz is used throughout the system, so assuming a record size of 256, the frequency 

resolution is 

24000 Hz/256 = 93.7 Hz 
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Using a 2: 1 overlap to insure that all parts of the waveform are seen, we have a spectral sample rate 

of 187.4 Hz, which means we will be able to view 187 different frames of the spectrum for every 

second of sound. The time resolution for the analysis is given as 1/frequency resolution which is 

1/93.7 Hz= 10.7 msec. 

When an FFf is used on data that is non-continuous (ie the first sample value is different than the 

last sample value) the result will contain transform "harmonics" which reduce the validity of 

analysis. To counteract this, an amplitude envelope is applied to the data prior to the FFf which forces 

continuity within the record. A "good" envelope to accomplish this will attenuate frequencies far 

removed from the center frequency by 40 to 80d.B while leaving the center frequency relatively 

unchanged. One such envelope is a Hamming window, which uses the formula 

Hamming(X) = .54-.46(cos(21tX)). 

The shape of this envelope is shown in figure 6. Note that all frequencies which are farther than 172 
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Figure 6. Amplitude envelope of the Hamming window used on each of the FFT 
records. (Hamming (X) = . 54-. 46 (cos (27tX))) 
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Hz from the center are attenuated by 40dB or more. 

5.2 Implementation 

The analysis tool is probably the most innovative as it allows the user to "playback" the spectrum of 

the sound. The user is presented with controls similar to a tape deck (play, stop, rewind, etc.) and is 

able to view the changing spectrum at speeds of approximately 4 frames/second. At any time the user 

can stop the playback, step through the changing spectrum frame by frame, or use the fast forward 

or rewind buttons to take them quickly through the sound (skipping intermediate frames). More 

information about the user interface of the analysis tool can be found in section 6.3. 

The analysis is done by maintaining a pointer within the sound data which keeps track of the location 

of the next analysis record. The 256 data samples are then copied into the another location in memory 

so the integrity of the original sound will be maintained. The DSP then applies the Hamming 

amplitude envelope and Fast Fourier Transform to the data. Finally, the FFT results are read by the 

CPU and displayed on the screen. In this manner both the DSP and the CPU are kept busy with their 

respective tasks, so maximum throughput is achieved. 
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6. User Interface Design 

The purpose of this project was to take these synthesis and analysis algorithms out of the "theoretical" 

world and place them into the hands of people who have little or no understanding of the underlying 

mechanics and empower them with the tools to explore the possibilities. 

The user interacts with the system through 3 windows; the "Sound Editor" window allows the user 

to specify the type of synthesis to be used and set the parameters by clicking on the oscillator buttons, 

the "Sound View" window allows the user to view the resulting sound samples and zoom in for more 

detail, and the "Analysis" window allows the user to view the spectrum analysis of the sound. The 

windows are activated via the "Window" menu. 

6. 1 Sound Editor Window 

The Sound Editor Window lets the user specify the parameters for the generated sound. In the case 

of both FM and additive synthesis, four oscillators are graphically represented as buttons. When a 

user clicks on one of the oscillator buttons a dialog box is displayed which has all the parameters for 

that oscillator. 

6. 1. 1 FM Synthesis 

The relative position of the oscillators is significant in that two oscillators aligned vertically have the 

property of the top oscillator modulating lower oscillator. Two oscillators aligned horizontally will 

have their outputs summed. 
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Sound Editor 

[II 

For example, in the previous diagram the oscillators are all stacked vertically. In this case, the output 

from the top oscillator is used to modulate the oscillator below it, the result is used to modulate the 

third oscillator, and finally that result is used to modulate the bottom oscillator (or carrier). Clicking 

on any of the modulating oscillators will bring up the parameter dialog for the oscillator: 
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Modulntlon Enuelope 

Min lndeH: 1-
MaH lndeH: .... lo _ __, 

Frequency:j ,._ 1_0_0 __ __, 

( Cancel ) n OK D 

The user is then able to set the frequency and time-variant modulation index for the oscillator. The 

modulation index at time t is given as: 

Index= Minindex + ((Maxindex - Minindex) * Envelope(t)) 

Where Envelope(t) is defined as a linear function that follows the shape of the modulation envelope 

in the parameter dialog. The user is able to change the shape of the envelope by dragging the square 

"handles" up or down in the envelope view window. In this manner, the user is presented with a very 

intuitive way to interact with the system, providing an order of magnitude of"user-friendliness" over 

conventional methods of typing in numbers by hand. 
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For the carrier oscillator the parameter dialog looks like this: 

Amplitude Enuelope ---. 

Carrier 
Frequency: j900 -----
( Cancel ) n OK D 

In this case the envelope corresponds to the output amplitude. The closer to the top of dialog the 

envelope values are, the louder the output signal will be. In the instance shown above the signal will 

start out at O and rapidly increase to the maximum possible amplitude and then gradually decrease 

down to O again. 

The frequency of the oscillator can be typed into the dialog box. 
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The "Configuration" pop-up menu allows the user to change between seven different configurations 

of the oscillators. 

Sound Editor 

■ 

In this case the user is changing from configuration 5 to configuration 4. The different configurations 

allow the user to experiment with different arrangements of the oscillators. It is very simple to switch 

between all possible configurations without changing any of the oscillator parameters just to hear 

how each configuration affects the sound. 
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6. 1.2 Additive Synthesis 

Choosing "Additive" from the "Synthesis" menu changes the system into additive synthesis mode 

and changes the Sound Editor window to reflect this. 

Sound Editor 

■ 

Note that the "Configuration" pop-up menu disappears since there is only one configuration in which 

the output of all four oscillators is summed to form the output signal. Clicking on any of the oscillator 

buttons will bring up the parameter dialog for the oscillator which allows the user to set the time­

variant frequency and amplitude envelopes. 
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Amplitude Enuelope 

( Cancel n OK ll 

Frequency Enuelope 

Min Frequency: 1- 1 
MaH Frequency: ~14_4_0 __ ~ 

In the case shown above, the frequency of the oscillator will start out at 1 lOHz (Min Frequency) 
and quickly increase to 440Hz (Max Frequency) and then will gradually decline back to l lOHz 
at the end of the sound. 

6.1.3 Karplus/Strong Synthesis 

In this system there are no parameters for the Karplus/Strong synthesis and when the user presses the 

generate button I■ the system generates a random pitch. 
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6.2 Sound View Window 

The Sound View window displays the waveform of the current sound. It is updated automatically 

when any of the sound generation parameters change . 

Sound Uiew 

Initially, the waveform is scaled to fit completely inside the window. Two buttons are provided to 

zoom in and zoom out on the waveform to analyze it in more detail. 

Sound Uiew 

■ 

The example above shows the same waveform after the "zoom-in" button has been pressed several 

times. 
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6.3 Analysis Window 

The Analysis Window provides a way for the user to view the spectrum analysis as it changes through 

time. As mentioned before, the user interface is designed around a set of tape deck like controls that 

allow the user to "play" through the sound and see the frequency information. Using a 256 sample 

window the system provides a resolution of 93.72 Hz and a 10.67 msec record duration (24kHz 

sample rate). 

-□= Analysis Window 

100 51( 101( 

[ Iii'■ II■■ I 

The buttons have the following functions: 

■ Rewind: Quickly scan backward through the sound. 

■ Step Back: Back up one frame and pause. 

■ Pause: Halt the play back of the spectrum. 

Play: Begin playing the spectrum and update the display as quickly as possible. 
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■ Step Forward: Move forward one frame and pause. 

Fast Forward: Quickly scan forward through the sound. 

When the spectrum is being analyzed the window will be updated with the frequency information. 

§0 Rnalysis Window 

100 11( SIi'. 101( 

Controls------~ 

■II■■ 

Each vertical line in the display corresponds to a harmonic of the analysis frequency (93. 7Hz). The 

taller the line, the more energy for that particular frequency. This tool is very useful in viewing the 

effects that the parameters have on the generated sound; in particular, the bandwidth of an FM 

synthesized sound is proportional to the modulation index and frequency (as mentioned earlier). This 

can be observed directly in the analysis window. 
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7. Class Design 

Since the project was designed using the Object-Oriented programming methodology, it was 

necessary to design custom classes to provide a flexible and upgradeable structure. Starting with 

Apple's MacApp application class library simplified the standard user interface issues (menus, 

windows, dialogs, etc.). 

The first custom class is TSoundGen which is an abstract class from which all sound generators are 

derived. Using this design, the application has an instance variable (fGenerator) of type TSoundGen* 

that points to the current sound generator. When the application is required to generate a sound it calls 

fGenerator->Generate() which will call the appropriate Generate() method depending on the current 

synthesis mode. Extending the system for new synthesis methods consists of creating a new subclass 

of TSoundGen and filling in the methods with the proper code. 

TFM ound:public 
TSoundGen 

en:pubhc bJect Abstract Class 
Generate() 
GenerateAnalysis() 

TAddihveSound:pubhc 
TSoundGen 

TKarplus ound:public 
TSoundGen 

'----~------- _.--/ --------~ 

Sound Generators 

The next custom class, TDsp, was designed to handle all interaction with the DSP. The DSP requires 

that certain structures be set up by the application and then passed on to the DSP . The TDsp class 

includes methods to create and maintain these shared data structures. Other support classes were 

designed for the project and can be viewed in the source code. 
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8. Conclusion 

As stated before, the focus of the project was to put a "wrapper" around some difficult sound synthesis 

techniques and provide a responsive environment for a novice user to experiment. The DSP has 

provided the processing power needed to achieve this and a user interface designed around the 

Macintosh user interface guidelines invites the user to explore. The goal was to achieve an easy way 

to test and experiment with theories about the synthesis methods. With this system it is very simple, 

for example, to take Chowning's formulas for generating particular timbres with FM synthesis and 

try them out. There no longer exists the need to hand type in the parameters or wait for the computer 

to generate a disk file to be sent to the DI A converter. All operations are done in real-time with 

instantaneous feedback. 

The project has given me the opportunity to explore and extend my knowledge of many areas within 

the computer science discipline: 
Real-time processing 
Multi-processor systems 
Object oriented design 
Shared data structures 
Pipelined processor architectures 

All "multi-media" applications developers (incorporating sound, video, etc.) must face similar 

challenges since the typical micro computer structure of one CPU cannot handle the requirements 

for real-time systems; many computer manufacturers are incorporating high speed auxiliary 

processors to handle the real-time tasks while relying on the CPU for the "traditional" tasks. 

Page 28 



References 

[1] Chamberlin, Hal. 1980. Musical Applications of Microprocessors. New Jersey: Hayden. 

[2] Chowning, John M. 1973. "The Synthesis of Complex Audio Spectra by Means of Frequency 
Modulation." Journal of the Audio Engineering Society 21(7). 

[3] Dodge, Charles, and Jerse, Thomas A. 1985. Computer Music. New York: Schirmer. 

[4] Grey, John. "An Exploration of Musical Timbre." Doctoral dissertation, Stanford University, 
1975. 

[5] Karplus, Kevin, and Strong, Alex. 1983. "Digital Synthesis of Plucked-String and Drum 
Timbres." Computer Music Journal 7(2). 

[ 6] Scaletti, C.A., and Johnson, R.E. 1988. "An Interactive Environment for Object-oriented Music 
Composition and Sound Synthesis." OOPSLA '88 Proceedings September 25-30, 1988. 

Page 29 



Appendix A - Source Code 

Page 30 



MSound.cp 

... 



2(26/91 11 :46 PM Project:Project:MSound.cp 

rll=•-----========--====-----=-----=====------------------------------------•===== 
II 
// NAME 
// MSound.cp 
II 
// SYNOPSIS 
// This file implements the main program for the Sound project. 
// It initializes the tool box and MacApp, it then creates the 
/ / global application object and tells it to run. 

II 
// Author Jeff Boone, Oregon State University 

II 
II 

11---------------------=-=-----=--=--------------------------------------------=-

//•------ --- -------------- ---- Main Program-- ---------------------------------

tinclude "USound.h" 

canst 
DialogPtr 

fpragma segment Main 

void main() 
{ 

SPLASH ID= 1006; 
theDialog; 

// Resource ID of the splash screen 

I nitToolBox (); / / Essential toolbox and utilities 

PullApplica ti onT ofront{); 
if (ValidateConfiguration(&gC o nfiguration)) 
{ 

// Make sure we can run 

theDialo g - GetN ewCe nteredDial og (SPLASH ID, nil, nil); 
if (theDialog != nil) 

DrawDialog(the Dialo g); 
InitUMacApp (8); 
InitUDialog (); 
InitUTEView (); 

gSoundApplication = new TSoundApplication; 
failNIL(gSoundApplication); 
gSoundApplication- >ISo undApplication(kfileType); 
DisposDialog(theDialog); 
gSoundApplication->R u n{); 

// Show splash screen 
// initialize MacApp; 8 calls to MoreMasters 
II so TDialogView, TButton, etc. not stripped 

// creat e an application ob ject 
// make sure enough memory 

// init ial iz e the app li cation 

// run the application 

e lse 
Std Al ert (phUnsupport edConf iguration); // tell user we can't run 
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II====•=------===-=-------======-===•--=------------------------------=----====== 
II 
II NAME 
II usound.h 

II 
II SYNOPSIS 
II This header file defines all the classes, structures and global 
II constants for the project . 

II 
II COPYRIGHT 
II Author Jeff Boone, Oregon State University 

II 

II==-=---------------------------------------------------------------------------
fifndef TSOUND -
tdefine TSOUND -

finclude "SoundDump.h" 
fin cl ude <Types.h> 

tinclude "dsptaskdispatcher.h" 

tdefine kSign ature 'JDBl' I I Application signature 

fdefine kFileType 'JDB2' II File-type code used for document files 
II created by this application 

11-------------------------------------------------------------------------------
11------------------------Global Constants 

11-------------------------------------------------------------------------------
const short kEditorWindow - 1001; II Resource ID of editor view 
canst short 
const short 
const sho rt 
canst short 
canst short 

canst short 
const short 
const short 
const unsigned long 
const unsigned long 
const unsig ned long 
const unsigned long 
const unsigned long 

canst short 
const short 
const short 
const short 
canst short 
const short 
const short 
canst short 
const short 
canst short 
canst short 
const Address 
canst Boolean 
const Boolean 

kAnalysisWindow 
kViewWindow 
k FMSynt hes is 
k KSSynthesis 
kAddSynthesis 
kMySaveAs 
kQuit 
kAboutApp 
kIDConstant 
kViewit 
kHostReady 
kDoFFT 
kNeedToinit 
kDSPParamBlock 
kMaxVoices 
kindex 
k ReturnValues 
kNumParams 
kNumSamplesindex 
kBlockSize 
kFFTSize 
kParamSize 
kFFTRecordSize 

kNumEnvelopeValues 
kNilAddress 
kNow 
kLater 

- 1002; 
- 1003; 
- 1004; 
- 1005; 
- 1006; 
= 1007; 
= 36; 
• l; 
• 538976305; 
• OxOOOOOOOl; 
= Ox00000002; 
= Ox00000004; 
- Ox00000008; 

- 9; 
= l; 
= 59; 
= 65; 
= 58; 

O; 
- 240; 
= 258; 

320; 
128; 

= 6 ; 
= ( nil, nil ) ; 

"" true; 
false; 

t ypedef enum (FM, Addit i ve, Karplusstrong) SoundType; 
typedef enum (Modulator , Carrier) FMOpType; 

II 
II 
II 
II 
II 
II 
II 

Resource 
Resource 
Resource 

Resource 
Resource 

Resource 
Resource 

ID 

ID 

ID 

ID 

ID 

ID 

ID 

of 
of 
of 
of 
of 
of 
of 

analysis view 
sou nd view 
FM synthesis menu 
KIS synthesis menu 
Additve synthesis menu 
Save as ... menu 

Quit item 
II Resource ID of About item 
II Const that is added to the base i dentifier 
II "Just viewing• mask 
II "Host ready · mask 
II "Do an FFT• mask 
II "Need to initialize" mask 

II Parameter data block 
II Maxim um number of voices 
II Param e ter number of the index 
II Parameter number of the return v alu e s 
II Number of params passed to DSP 
II Parameter number of the numb e r o f s amples 

I I Frame size 
II FFT Data record (2 flags) 

II Parameter block size 
II Si z e of 1 FFT record 
II Number of Enve l ope values for Osc parame t ers 
I I A nil DSP Address 
II Install task now 
I I Frame synchronous install 

t ypedef enum (Play, Stop , StepF, StepB, FF, Rew) AnalysisMode; 

t ypedef struct ( 
float 
unsigned long 

Parameters; 

t ypedef struct 
float 

) FFTData; 

t ypedef str u ct 
float 

) Samp l eBlock; 

t ypedef struct 

1 nt 

param[ kParamSize J; 
f lags; 

s ample[ kFFTSize ); 

sample[ kBlo c kSize ) ; 

II 2 Flags+ 25 6 FFT valu e s 

e nvValues[ kNumEnvelopeValues ) ; 
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long 
FMOpType 

FMOperator; 

typedef struct 
int 
long 

AdditiveOp; 

frequency, mlnEnv, rnaxEnv; 
opType; 

ampEnvValues[ kNumEnvelopeValues ], freqEnvValues[ kNumEnvelopeValues ]; 
minFreq, maxFreq; 

void pStrCpy(Str31 outstr, Str31 instr); 

II ••••••••••••••••• CLASS D E F I N I T I O N S 

class TDspCodeBlock; 
class Tdsp; 

// Forward declarations 

.........•.............. 

/1------------------------------------------------------------------------------­
II------------------------ TDspDataBlock Class ------------------------------­

//-------------------------------------------------------------------------------
class TDspDataBlock { 

); 

public: 
TDspDataBlock{ Size blokSize ); 

-TDspDataBlock(); 

Address 
Address 
Size 
Boolean 
void 
void 
void 
long 
void 
unsigned long 
void 
void 

Str31 
void 
void 
unsigned long 
unsigned long 

protected: 
DataHeader 

WhereHeader {) ; 
WhereData {); 
Size(); 
Status( short bltNum); 
SetStatus(short bltNum); 
ResetStatus( short bitNum); 
InstallintVec( ProcPtr intRoutine); 
UserVar (); 
UserVar( long newVar); 
DataType(); 
DataType(uns ign ed long newVar); 
Name(Str31 newName); 
Name() ; 
Readindex(unsigned long newindex); 
Writeindex(unsigned long newindex); 
Readlndex (); 
Write Index(); 

* fDataHeader; 

ll-------------------------------------------------------------------------------
1!--------------------------- TDspPRB Class ---------------------------------­

//-------------------------------------------------------------------------------
class TDspPRB : public TDspDataBlock { 

}; 

public: 
TDspPRB( short whichPort ) ; 
-TDspPRB (); 

short 

private: 
short 

WhichPRB (); 

f PRBntL11; 

/1-------------------------------------------------------------------------------
II----------------------- TDspParamalock Class -------------------------------
// -------------------------------------------------------------------------------

cla ss TDspParamBlock { 

public: 

}; 

PortID 
\.. 

TDspParamBlock( Size blokSize ); 
-TDspParamBlock {); 

Address 
Size 

private: 
Address 
Size 

Where(); 
Block Size(); 

the Port ID; 

fParanBlock ; 
fSize; 
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ll-----------------------------------------------------------------------------­
/1--------------------------- TDspTask Class ---------------------------------

//------------------------------------------------------------------------------
class TDspTask I 

public: 

void 
void 
Str31 
Address 
unsigned long 
void 
unsigned long 
void 
TDspCodeBlock 
TDspTask 
void 
void 
PortID 

private: 
TaskHeader 
TDspCodeBlock 
TDspTask 
PortID 

protected: 
void 

I; 

TDspTask(); 
~TDspTask (); /* will free the code blocks•/ 
InstallCodeBlock( TDspCodeBlock• newCodeBlock ); 
Name(Str31 newName); 
Name(); 
Where(); 
BusCycles (); 
BusCycles( unsigned long newBuscycleCount ); 
DSPCycles (); 

DSPCycles( unsigned long newDSPCycleCount ); 
*FirstCodeBlock(); 
*NextTaskHeader(); 
NextTaskHeader( TDspTask* newNextTask); 
WhichPort ( PortID daPort ) I fPortID • daPort; ); 
WhichPort () ( return fPortID; ) ; 

• fTaskHeader; 
*fFirstTCodeBlock; 
*fNextTask; 
fPortID; 

FirstCodeBlock( TDspCodeBlock* newFirstCodeBlock ); 

/1------------------------------------------------------------------------------­
II------------------------ TDspCodeBlock Class ------------------------------­

//-------------------------------------------------------------------------------
class TDspCodeBlock I 

public: 

I; 

OSErr 
OSErr 

void 
void 
Ptr 
Address 
TDspCodeBlock 
void 

protected: 
Address 

private: 
CodeHeader 

Ptr 
TDspCodeBlock 
TDspTask 

TDspCodeBlock( TDspTask• myTask }; 
-TDspCodeBlock( ) ; /* will free ifunc, vfunc, not data memory space, also itself * / 
AddVtunc( Str31 vfuncname }; 
AddIFunc( Str31 ifuncname }; 
AddDataBlock( short whichDBH, TDspDataBlock• whichDB }; 
AddDataBlock( TDspParamBlock• whichPB); 
Par a.:nBl ock (} ; 
Where(); 
*Nex~ CodeBlock(}; 
NextCodeBlock(TDspCodeBlock• newCBSet); 

Get T~ueDSPFResource( Str31 resname); 

*fCodeHeader; 
fLastVFunc; 
*fNextCodeBlock; 
• fMyTask; 

!1------------------------------------------------------------------------------­
II----------------------------- TDs p Class ----------------------------------­

//-------------------------------------------------------------------------------
class TDsp I 

); 

public: 
TDsp () ; 
-TDsp(); 

OSErr InstallTas< (ProcessType theType, TDspTask• newTask, PortID whichPort, Ref e renceQualifi e r whe re); 
void SuspendTas~ (TDspTask* theTask, Boolean immed); 
void ResumeTask (~DspTask* theTask, Boolean immed); 
OSErr RemoveTas~ (P rocessType theType, TDspTask* theTask); / / Does not kill 

OSErr Kick It(}; 

/1-------------------------------------------------------------------------------
II-------------------------- TDspSound Class ---------------------------------

//------------------------------------------------------------------------------
class TDspSound ( 
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); 

public: 
TDspSound(Str31 whichAlg); 
~TDspSound (); 

TDspParamBlock 
TDspDataBlock 
TDspTask 
Boolean 

private: 
TDspPRB* 

• fSoundParams; 
• fDataBlock; 
• fTask; 
!Playing; 

fPRB; 

/1------------------------------------------------------------------------------­
II------------------------ TVoiceManager Class ------------------------------­
//-------------------------------------------------------------------------------

class TVoiceManager ( 

}; 

public: 
TVoiceManager(); 
-TVoiceManager(); 

OSErr 
void 
void 
void 

private: 
TDspSound 

Instal1Voices(Str31 whichAlg); 
PlayVoice(Parameters theParams); 
CheckVoices (); 
GetSamples(SampleBlock* theSamples); 

*fVoices[kMaxVoices]; 

/1-------------------------------------------------------------------------------
II------------------------ TAnalysisTask Class -------------------------------

//-------------------------------------------------------------------------------
class TAnalysisTask { 

public: 
TAnalysisTask(Str31 whichAlg); 
~TAnalysisTask(); 

void Start(); 
void Stop(); 
void Set Host Ready(); 
void SetParams(Parameters theParams); 
void Set Index (float newindex); 
void Adjust Index (float offset); 
float Get Index(); 
void GetData(FFTData• samples); 

TDspParamBlock *fSoundData; 
TDspTask • fGenerateTask; 
TDspTask * fl\nalyzeTask; 

} ; 

11---------------------------=-====--====•=-======•--==--=--=======•=--==-----=== 
//- -- The classes below must interact with MacApp, thus the "v irtual pascal"----
//--- declarations of the methods. 

// ••===••---------------=-••-=-•=-===-------------=--===-===•--------------------
// ---------- ---------------------------------------------------------------------
// ------------------------- TEdito rView Class ------------ - ------------ - ------

//-------------------------------------------------------------------------------
class TEditorView : public TVlew { 

public: 
virtual pascal void DrawContents (); 

}; 

/1-------------------------------------------------------------------------------
II----------------------- TAnalysisView Class --------------------------------
// -------------------------------------------------------------------------------

cl ass TAnalysisView : public TView ( 
public: 

virtual pascal void Draw (Rect •area); 

virtual pascal Boolean Doidle( I dlePhase 

virtual pascal void SetViewFlag (); 

virtual pascal void ClearViewFlag(); 

virtual pascal void Restart ( ); 

phase); 
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}; 

TStaticText 
TStaticText 

protected: 
TAnalysisTask 
Boolean 

* fT ime; 
* f Percent; 

* fGenerator; 
fShowData; 

/1------------------------------------------------------------------------------­
II---------------------- TAnalysisButton Class ------------------------------­

//-------------------------------------------------------------------------------
class TAnalysisButton : public TPicture ( 

public: 
virtual pascal TCommand *DoMouseCommand(Point *theMouse, Eventlnfo *info, 

Point *hysteresis}; 

protected: 
TAnalysisTask *!Generator; 

}; 

/1------------------------------------------------------------------------------­
II--------------------------- TAnalysis Class---------------------------------

//-------------------------------------------------------------------------------
class TAnalysis : public TObject ( 

public: 
virtual pascal void !Analysis(}; 
virtual pascal void Free(} ; 

virtual pascal void SetA lg(Str31 whichAlg); 
virtual pascal void OpenWindow (); 

virtual pa sc a l void Re s tart (}; 

AnalysisMode fMode; 
TAnalysisTask • f Ana ly s isTa sk; 

TAnalysisVie" *fAnalysisView; 
TWindow * fWlndow; 

protected: 
TAnalysisButton * fp layBut ton; 
TAnalysisButton * fStopBut ton; 

TAnalysisButt on * fRewButton; 
TAnalysisButton * fFFButton; 
TAnalysisBu tto n * fStepFButton; 
TAnalysisButton * fStepBButton; 

} ; 

ll-----------------------------------------------------------------------------
/1---- The SoundGen Class is an abstract c lass which is subclassed by all 
// ---- sound generators. 

// -----------------------------------------------------------------------------

c lass TSoundGen : pui::llic TObject 

} ; 

public: 
virtual 
virtual 
virtual 
virtual 
v irtual 
v irtual 
virtual 

Str31 
protected: 

pasca l 
pasca l 
pasca l 
pasca l 
pasca l 
pascal 
pa scal 

TEdito rView 
Parameters 

void 
void 
void 
void 
void 
void 
void 

Generate(Boolean showlt); 
SetView(TEditorView •t heView); 
GenerateAnalysis(}; 
Draw(); 
DoRead ( short aRefNum ) ; 
DoWrite( short aRefNum ); 
Showlt(B oolea n isSh own); 

!Algor ithm; 

•fEditorView; 
f Params; 

// The view which contains the op buttons 
// Sh ar ed paramet e r blo c k 

//-------------------------------------------------------------------------------
// ----- ---------------------- TFMSound Class --- ------------------------------
// ---- ---------------------------------------------------------------------------

c lass TFMSound : pub li c TSo undGen ( 

pub lic: 
v irtual pasca l void 

virtual pascal voi d 

virtual pascal void 

v irtual pasca l void 
virtual pascal int 

virtual pascal void 

IFMSound() ; 
Dra w(); 
Gene rate(Bo o l ea n showit); 
SetConfig (int theConfig ); 
GetCo nf ig (}; 
SetO scPar ams (int whichOsc); 
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) ; 

virtual pascal void 
virtual pascal void 
virt ual pascal void 
virtual pascal void 

protected: 
fMOperator f0ps[4]; 
int !Configuration; 

Project:Project: USmmd.h 

Showit(Boolean isShown); 
GenerateAnalysis(); 
DoRead( sho rt aRefNum ); 
DoWrite( short aRefNum ); 

II 4 operator FM synthesis 
II The current configuration (1-8) 

ll -------------------------------------------------------------------------------

11------------------------TKarplusSound Class --- - ---------------------------

11-------------------------------------------------------------------------------
class TKarplusSound : public TSoundGen [ 

public: 
virtual pascal void I Ka rpl usSound () ; 
virtual pascal void Draw(); 
virtual pascal void Generate(Boolean showit); 
virtual pascal void GenerateAnalysis(); 
virtual pascal void Showit(Boolean isShown); 

); 

11------------------------------------------------------------------------------­
II------------------------ TAdditiveSound Class ------------------------------

11-------------------------------------------------------------------------------
class TAdditiveSound : public TSoundGen ( 

); 

public: 
virtual 
virtual 
virt ual 
virtual 
virtual 
vir tual 
virtual 
vir tual 

protected: 

pascal 
pascal 
pascal 
pascal 
pascal 
pascal 
pascal 
pascal 

void 
void 
void 
void 
void 
void 
void 
void 

Additiveop f0ps[41; 

IAdditivesound(); 
Draw(); 
Generate(Boolean showit); 
Show it(Boolean isShownJ; 
SetOscParams(long whichOsc); 
GenerateAnalysis(); 
DoRead( short aRefNum); 
DoWrite( short aRefNum ); 

II 4 operator additive synthesis 

ll -------------------------------------------------------------------------------

11------------------------ TSoundDocument Class ------------------------------

11-------------------------------------------------------------------------------
class TSoundDocument : public TDocument ( 

public: 
virtual pascal void ISoundDocument(); 
virtual pascal 
virtual pascal 

void 
void 

DoRead( short aRefNum, Boolean rsrcExists, Boole an forPrinting ) ; 
DoWrite( short aRefNum, Boolean making Cop y ); 

vi rtual pascal void DoMakeViews( Boolean forPrinting ); 
); 

ll- ------------------------------------------------------------------------------

11---------------------- TSoundApplication Class -----------------------------

11-------------------------------------------------------------------------------
c lass TSoundApplication : public TApplication ( 

public: 
virtual pascal void ISoundApplication(OSType itsMainFileType); 
virtual pascal void HandleFinderRequest (); 
v irtual pascal TCommand *DoMenuCommand(CmdNumber aCmdNumber); 
vi rtual pascal void DoSetupMenus(); 

virtua l pascal void SetSoundGen(SoundType theMode); 
vi rtual pas ca 1 Sou nd Type Get SoundGen () ; 

virtual pascal void Terminate() ; 
virt ual pas ca 1 void Idle (IdlePhase phase); 
vi rtual pascal void PlaySound(Boolean showit); 
virtual pascal void UpdateViewWindow() ( fViewWindow->forceRedraw(); 
virtual pascal TDocument *DoMakeDocument ( CmdNumber itsCmdNumber ) ; 

TSo undGen •[Generator; II Current sound generator 
TVoiceManager 111fVoiceManager; II The voice manager (future multi -voi ce) 
,Anal ysis * !Analysis; II The analysis object 
7FMSo und • ffM; II The FM Sound generator 
TKa rpl us sou nd *fKarplus; II The KarpluslStrong sound generator 
TAdditiveSou nd • !Add iti ve ; II The Additive synthesis gene ra tor 
TDsp • fDsp; I I The DSP object ( interacts wlBass-0-Mat ic) 

protected: 
soundType fS oundGen; II Keeps track of current sound generation tech ni que 

TWi ndow *fEditorWindow; II Ptr back to main window 

Page 6 



2/27/9112:17 AM Pro ject:Project: USound.h 
r 

TWindow 
TWindow 

• fViewWindow ; 
•fAnalysisWindow; 

// Ptr to the Sound View window 
// Ptr to the analysis window 
// Ptr to current document TSoundDocument *fDocument ; 

J; 

/1------------------------------------------------------------------------------­
II------------------------ TEn velopeView Class ------------------------------­

//-------------------------------------------------------------------------------
class TEnvelopeView : public TView ( 

public: 
virtual pascal void 
virtual pascal TCommand 

virtual pascal void 
virtual pascal void 

protected: 
int fEnvValues(6); 

) ; 

Draw(Rect •areal; 
*DoMouseCommand(Point *theMouse, Eventinfo *info, 
Point *hyst eresis); 
SetEnvValues(int theEnvValues[6)); 
GetEnvValues(int theEnvValues[6)); 

// The current envelope values 

ll------------------------------------------------------------------------------­
/1----------------------- TEnvelopeC ommand Class ----------------------------­

//-------------------------------------------------------------------------------
class TEnvelopeCommand : public TCommand ( 

public: 
virtual pascal void 
virtual pascal void 

virtual pascal TCommand 

IEnvelopeCommand(TEnvelopeView •itsView); 
TrackFeedback(VPoint •anch orPoi nt, VPoint •nextPoint, 

Boolean turnitOn, Boolean mouseDidMove); 
*TrackMouse(TrackPhase aTrackPhase, VPoint •anchorPoint, 
VPoint •previousPoint, VPoint •nextPoint , 

Boolean mouseDidMove); 
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virtual pascal void 
protected: 

TrackConstrain(VPoint •anchorPoint, VPoint •previousPoint, VPoint •nextPoint); 

TEnvelopeView •fEnvelopeView; 

J; 

/1-------------------------------------------------------------------------------
//-------------------------- TSoundVlew Class --------------------------------

//-------------------------------------------------------------------------------
class TSoundView : public TView ( 

public: 
virt ual pascal voi d Draw(Rect •area ); 

I; 

// -------------------------------------------------------------------------------
// -------------------------- TOscButton Class --------------------------------
// ------------------------------------------------------------- ------ ------------

class TOscButton : public Ticon ( 

public: 
virtual pascal T~o mmand 

I: 
*DoMouseCommand(Point *theMouse, Eventinfo •info, Point •hysteresis); 

ll------------------------------------------------------------------------------­
/1 ---- - ---------------------- TMyPopup Class --------------------------------­
//- ------------------------------------------------------------------------------

class TMyPopup : public TPopup ( 
public: 

virtual pascal voi d 

I; 
DoCholce(TVlew •origView, short itsChoice); 

/1-------------------------------------------------------------------------------
II------------------------- TZoomButton Class --------------------------------

// ------- ---------- ----- -------------------------- --------- ----------------------
class TZoomButton : pub l :c TPicture ( 

public: 
virtual pascal :~ommand *DoMouseCommand(Point *theMouse, £ve ntinfo • info, Point •hysteresis); 

J; 

//-------------------------------------------------------------------------------
//------------------------ :soundScroller Class ------------------------------

//-------------------------------------------------------------------------------
class TSoundScroller : pu olic TScroller ( 

public: 
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virtual pascal void DoScroll(VPoint *d elta, Boolean redraw); 
) ; 

/ / ------ Global application object 
TSoundApplication *gSoundApplication; // Global Application object 

fendif 
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!!-= =-------= ==--------===-------------------------------------------------=----= 
II 
// NAME 
// usound.cp 
II 
// SYNOPSIS 
// This file implements the TSoundApplication class and a few other 
// small classes that didn't seem to fit anywhere else. 

II 
// COPYRIGHT 
/ / Author Jeff Boone, Oregon State University 

II 
I I HISTORY 
II 
//======• -- ==-- ----- --========-=-=====------------------------------------- ------
tinclude 
t include 

•usound.h" 
<Packages.h> 

ll----------------------------------------------------------
1/ Some utility functions 

//----------------------------------------------------------
extern void pStrCpy( Str31 outstr, Str31 instr); 

int strlen(char *s) 

int n; 

for (n -0 ; *s ! .. '\0'; s++) 
n++ ; 

return (n); 

vo id C2PStrCpy(char • cstr, Str255 Pstr) 

short 1, len • strlen (Cst r); 

for(i-len; 1>0 ; 1--) ( 
Pstr[l) - Cstr[i-1); 

Pstr(i) = len; 

fpragma segment Ainit 

II ••••••••***** SOUND APPL ICATI ON CLASS ************** 

// ===============-----== ====•=====================------- =-- --= ==•====== 
// TSoundApplication class: 
// This is the applicat io n cla ss that is a decendant of the 
// MacApp TApplication class. It handles all interaction with 
// the user. 
//===--=== =====•=---- =---=====-=========•==========•========----- =-===== 

//=•=-==-===== =---------========= ======-============•=====-----------=== 
// ISoundApplication: 
// This method initializes the TSoundApplication object and shou ld 
// be called immediately after instantiating a TSoundApplication 
// object. It creates all the windows that we will use throughout 
// the application. 
//=====•-=====------===-=== ===--=--=-------------------=-======•==-===== 
pasc al void TSoundApplication::ISoundApplicatlon(OSType itsMainFileType) 
{ 

c anst sho rt 
cons t short 
ca nst sho rt 

kEditorID 
kViewID 
kAnalysisID 

= 1001; 
1002; 
1003 ; 

this->IApplicatlon(itsMainFileType); 

ll-------------------------------------------------------------------
/1 ------- Thi s is a hack to suppress dea d-stripping of --------------
// ------- our classes . The variable "gDeadSuppression" ------------­
// ------- is actually a MacApp constant that ls always false --------

//-------------------------------------------------------------------
if (gDeadStripSuppression) 

( 

TSoundGen 
TEnvelopeView 

•asoundGen; 
•anEnvelope; 
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TEditorView 
TSoundView 
TOscButton 
TMyPopup 
TAnalysisView 
TAnalysisButton 
TZoomButton 
TSoundScroller 

asoundGen 
anEnvelope 
anEditor 
aSound 
anOscButton 
aPopup 
aView 
a Button 
zoomButton 
aScroller 

----------

•anEditor; 
*aSound; 
*anOscButton; 
*aPopup; 
*aV!ew; 
*aButton; 
*zoomButton; 
•ascroller; 

new TSoundGen; 
new TEnvelopeView; 
new TEditorView; 
new TSoundView; 
new TOscButton; 
new TMyPopup; 
new TAnalysisView; 
new TAnalysisButton; 
new TZoomButton; 
new TSoundScroller; 

Project:Project: USound.cp 

//----------------- Now the real work _.- ------------------

//---------------- Create the DSP object-----------------­
fDsp = new TDsp(); 
FailNIL (fDsp); 

/ /---------------- Create the Document object-----------------­
fDocument • new TSoundDocument(); 
FailNIL(fDocument); 
fDocument->ISoundDocument (); 

// ---------------- Create the Sound Manager object-----------------­
fVoiceManager - new TVoiceManager(); 
FailNIL(fVoiceManager); 

//---------------- Create the FM generator object-----------------­
fFM • new TFMSound; 
FailNIL (fFM); 
fFM->IFMSound(); // Initialize the FM generator object 

//---------------- Create the Karplus/Strong object -----------------­
fKarplus - new TKarplusSound; 
FailNIL(fKarplus); 
fKarplus->IKarplusSound(); // Initialize the Karplus/Strong sound generator 

// ---------------- Create the Additive sound generator object-----------------­
fAdditive = new TAdditiveSound; 
FailNIL(fAdditive); 
fAdditive->IAdditiveSound(); // Initialize the Additive sound generator 

//---------------- Initialize our fields------------------
fSoundGen = FM; // Default to FM synthesis 
!Generator= (TSoundGen *)fFM; // Point fGenerator to the FM gen erator object 
f VoiceManager->InstallVoices("\pFMAlgl"); // Install the voices on the DSP 
pStrCpy( fGe nerator->fAlgorithm , "\pFMAnalysisl"); 

// ---------------- Create the Analysis object & window-----------------­
fAnalysisWindow = NewTemplateWindow(kAnalysisID, nil); 
FailNIL(fAnalysisWindow); 

fAnalysis = new TAnalysis(); 
Fa ilNIL(fA n alysis); 
f Analysis->fWindow = fAnalysisWindow; 
fAnalysis->IAnalysis(); // Initialize the Analysis object 
f Analysis->SetAlg("\pFMAnalysisl"); 

// ---------------- Create the Sound view window-----------------­
f ViewWind ow • NewTemplateWindow(kViewID, nil); 
FailNIL(fViewWindow); 

//-- -------------- Create the Sound edito r window-----------------­
fE dit orWindow • NewTemplateWindow(kEditorID, nil); 
FailNIL(fEditorWindow); 

// ---------------- Set the views for the generator ob j ects-----------------­
fFM->SetView ( (TEditorView *) (fEdit o rWindow->FindSubView ('view'))); 
fKa rplus->SetView ((TEditorView •) ( fEd itorWindow-> FindSu bView('view') )) ; 
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fAddi ti ve->SetView ( (TEditorView • ) (fEditorWindow->FindSubView (• view •))); 

// ---------------- Open the editor window-----------------­
fEditorWindow->Open(); 

tpragma segment AOpen 

pascal void TSoundApplication::HandlerinderRequest() 

// Don't want to do anything when starting from finder 

11----------------------------------------------------------------------
/I Terminate: 
// This method is called by MacApp when the user is about t o 
// terminate the application. It is used to do any last minute 
// clean , up. We use it to delete the voice manager object, the 
// DSP object, and the analysis object. 

//•-----------------------------------------·---------------------------pascal void TSoundApplication::Terminate() 
{ 

//---- ------------ Delete the voice man ager----- - --- ----- ---­
if {fVoiceManager ! - nil) 
{ 

delete fVoiceManager; 
fVoiceManager - nil; 

// ---------------- Delete the DSP object-----------------­
if (fDsp ! • nil) 
{ 

delete fDsp; 
fDsp - nil; 

// ---------------- Delete the analysis object-----------------­
if (fAnalysis !- nil) 
{ 

fAnaly sis- >rree(); 
delete fAnalysis; 
fAnalysis = nil; 

// ---------------- Delete the analysis object-- ---------------­
if (!Document ! = nil) 
{ 

delete fDocument; 
fDoc ument = nil; 

inherited::Terminate() ; 

lpragma segment AOpen 

11---------------------·-------·---------------·----=•=-••---··----·----
II DoMenuCommand: 
II This method is called by MacApp when the user selects a 
II men u item. We figure out which menu item was s elected and 
II do the appropriate be havio r . 

II=====•=••••··-----·-------==•======------=======•-••=•==•==•-========• 
pascal TCommand *TSoundApplica tio n::D oMenuCommand{CmdNumber aCmdNumber) 
{ 

cans t short 

Di a logPtr 
Event Reco rd 

SPLASH ID 

theDial og ; 
t heEvent; 

• 1006 ; 

11---------------- See if we're in o ur range --- - -------------­
if {{aCmdNumber >- kEditorWindow) && {aCmdNumber <= kMySaveAs) ) 

{ 

sw itch {aCmdNumber ) { 
11---------------- User select e d the Editor window item------------------
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\.. 

c ase kEdit orW indow: // Show the editor window if it isn 't already up 

if (! (this->fEdit orW ind ow->IsShown())) 
this->fEditorWindow->Open(); 

this->fEditorWindow->Select(); // Bring the window to the front 
b r eak; 

//---------------- User selected the Analysis window item-----------------­
case kAnalysisWindow: 

I 
if ( ! (this->fAnalysisWindow->IsShown ())) 

this->fAnalysisWindow->Open(); 
this->fAnalysisWind ow->Select(); 
break; 

// Bring the window to the front 

//---------------- User selected the View window item------------------
case kViewWindow: // Show the sound view windo w if it isn't already up ) 

if ( ! (this->fViewWindow->IsShown ())) 
this->fViewWindow->Open(); 

this->fViewWindow->Select (); // Bring the window to the front 
break; 

//---------------- User selected the FM synthesis item-----------------­
case kFMSynthesis: 

( 

this->fSoundGen • FM; 
t his->fGenerator a (TSoundG en *)fFM; 
fAdditive->Showit (false) ; 
fKarplus->Showit(false); 
fFM->Showit (true); 
fVie wWindow->Update(); 
fAnalysis->Restart(); 
break; 

// Set the current synth method 
// Po int the generator to FM generator 
// Let Additive h i d e 
// Let Karplus/Strong hide 
// Show the FM synt h buttons 
/ / Update the s ound view 
// Start the analysis over 

//----------- ----- User selected the Karplus/Strong synthesis item--- - -------------­
case kKSSynthesis: 

( 

this->fSoundGen = Karplusstrong; 
this->fGenerator = (TSoundGen *)fKarplus; 
fAdditive->Showit (false); 
fKarplus->Showit(true); 
fFM->Showlt (false); 
fViewWindow->Update(); 
fAnalysis->Restart(); 
break; 

// Set the curre nt synth method 
// Point the generator to K/S generator 
// Let Additive hide 
// Show the K/S button 
I I Let FM hide 
// Upda te the sound view 
// Start the analysis over 

//---------------- User selected the Additive synthesis item-----------------­
case kAddSynthesis: 

{ 

this->fSoundGen = Additive; 
this->fGenerator = (TSoundGen *)!Additive; 
fAdditive->Showit {true); 
fKarplus->Showit(false); 
fFM->Showit (false); 
fViewWindow->Update(); 
fAnalysis - >Restart (); 
break; 

// Set the current s ynth method 
// Point the generator to Additive generator 
// Show Additive bu t tons 
// Let K/S hide 
// Let FM hide 
// Update the sound view 
// Start the analysis ove r 

// --------- - ------ User selected the save_ item- ----------------­
case kMySaveAs: 

fDoc ument- >S ave( kMySave As , true , fa lse ) ; 
break ; 

return gNoChanges; 
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/!---------------- See if u ser selected " About " item-----------------­
else if (aCmdNumber == kAboutApp) 

else 

//---------------- Get the dialog from resource file-----------------­
theDialog - GetNewCenteredDialog(SPLASH_ID, nil, nil); 
if (theDialog !- nil) 
( 

BringToFront(theDialog); 
DrawDialog(theDialog); // Show splash screen 

//---------------- Wait for user to click the mouse 
do 

if (GetNextEvent (mDownMask, ,theEvent)) {) 
while {theEvent.what -- nullEvent); 

//-------- - ------- Free up memory used by dialog-----------------­
DisposDialog(theDialog); 

return {inherited::DoMenuCommand{aCmdNumber)); 

fpragma s egment ARes 

11----------------------------------------------------------------------// DoSetupMenus: 
// This method is called by MacApp to set up the menu bar for 
// the user. This is where you enable/disable menus or set 
// check marks on menu i t ems. 

//=---------------------------------------------------------------------
pascal void TSoundApplication:: DoSetupMenus() 

int i; 

i nherited::DoSetupMenus(); 

//---------------- Enable all our menus-----------------­
for (i • kEditorWindow; i<• kMySaveAs; i++ ) 

Enable {i, true); 

// ------------ Put a check by the current synth method--------------­
s witch {this- >fSoundGen) ( 

case FM: EnableChe ck{k FMSynthesis, false, true); break; 
case KarplusStrong: EnableCheck(kKSSynthesis, fal se , true); break; 
case Additive: EnableCh eck (kAddSynthesis, false, true); break; 

// -------- Put a chec k o n wind ow menu if window is open-------------­
if (this->fEdi t orWind ow- >Is Shown()) 

EnableCheck (kEditorWindow, t rue, tru e); 
if (this- >fViewWindow- > IsShown()) 

EnableCheck (kViewWind ow, true, true); 
if (this- >fAna lysisWindow- >Is Shown()) 

EnableCheck {kAna lysis Window, t rue, tru e); 

//==•=------------------------------====-==----------=------------------
// SetSoundGen: 
// Th is method sets the current sound gene ra tio n mode fo r the 
// ap plication. Valid values are " FM", "Add itiv e" , and "Kar plusStrong" 

//===-----===-•==-----=-----=====•===•--===---------------------------=-
pasca l void TSou ndAppli catio n: :SetSound Ge n( Sou ndTyp e theMode) 
( 

this->fSoundGen - theMode; 
switc h (theMode ) 
( 

case FM: [Generator = (TSou ndGen •)f FM; break; 
case KarplusStrong: !Generator= (TSou ndGen •)fKarplus; break; 
cas e Additive: fGenerator = (TSoun dGen •) fAddi tiv e ; break; 
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//==------------------------------------------------------------------
// GetSoundGen: 
// This method returns the current sound generation mode for the 
// application. Valid values are ""FMH, "AdditiveH, and "KarplusStrong• 

//=====-----=-----------------------------------------------------------
pascal SoundType TSoundAppllcatlon::GetSoundGen() 

I 
return (thls->fSoundGen); 

11----------------------------------------------------------------------
// Idle: 
// This method ls called by MacApp during the idle phase of our 
// application. We use it to check to see if there are any voices 
II on the DSP that need to be cleaned up. 

//=---------------------------------------------------------------------pascal void TSoundAppllcatlon::Idle(IdlePhase phase) 
{ 

fVolceManager->CheckVolces(); 
lnherlted::Idle{phase); 

// See if we need to remove voices 

lpragma segment Main 

//==---------------------------=--==--===--=-=======---=----------====-= 
// PlaySound: 
// This method is called by our application to play a voice of 
// the currently installed sound generator. 

11----------------------------------------------------------------------
pascal void TSoundApplication::PlaySound(Boolean showit) 
{ 

fGenerator->Generate(showit); 

lpragma segment Main 

11---------------------------------=------------=-----====-----------=--
// DoMakeDocument: 
// This method ls called by our application to play a voice of 
// the currently installed sound generator. 

//====•--=---------------=-=============•==========•=======-----=--=-=== 
pascal TDocument *TSoundApplicatlon::DoMakeDocument( CmdNumber ;• itsCmdNumber •; ) 

I 
return (TDocument •)!Document; 

II ****************** ED ITO R VI E W CLASS ••••••••••••••••• •• 

//======•=--=-------=-=============-===-----======--===•=-=-------=-----
// TEdltorVlew class: 
// This class is used to handle the so und editor window in which 
// the oscillator buttons are presented to the user . 

//====-=-======-----------------====•=====•======•=----==-------------=-
II=-------------------------------=--------====------====--=------=-----
// Dr awContencs: 
// This method draws the contents of the editor window. It is 
II called by MacApp whenever the screen needs to be ~p dated. 
// We just give the current sound generator a chance to redraw 
// itself. 

//===------------------=-------=====-====-------------------------------
lpragma segment ADraw 
pascal void TEdltorView::DrawContents() 
{ 

in herited:: DrawContents(); 

1f (this-> I sfocused ()) 
gSoundApplication- > fGenerator- >Draw(); // Lee generator redraw itself 
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II ******************** OS CB UTT ON C LASS •••••••••••••••••••••• 

11-----------------====------=-===========-----=--=-======---=----=-==--
// TOscButton class: 

// This class implements the oscillator buttons that user can 
// click on to set the parameters for the oscillator. 

11----------------------------------------------------------------------
lpragma segment ASelCommand 

/!===------------------------------------------=------------------------
// DoMouseCommand: 
// This method handles the user clicking on one of the oscillator 

// buttons. It calls the appropriate method to set the parameters. 

//•---------------------------------------------------------------------pascal TCommand *TOscButton::DoMouseCommand(Point •theMouse, Eventinfo •inf o, 
Point *hysteresis ) 

unsigned long selectedOsc; 

this->Hilite (); 

while (WaitMouseUp()) 
thls->Hillte (); 

// Hilight the button 

// UnHilight the button 

selectedOsc - this->fidentifier - kIDConstant; 

switch (selectedOsc) ( 

case O:case l:case 2:case 3: 
case 4:case 5:case 6:case 7: 
case 8: break; 

gSoundApplication->fFM->SetOscParams ((int)se l ect e dOs c ); break; 
gsoundApplication->fAdditive->SetOscParams (selectedOsc-4); break; 

case 9: gSoundApplicat i on->PlaySound(false); break; 

return (inherited::DoMouseCommand{theMouse, info, hysteresis)); 

II •••••••••••••••••• SOUND VIEW CLASS **** * * ********** *** 

//==---------------===----==============--===-------------------=-----== 
// TSoundView class: 
// This class imple ments displaying the sound wave form to the 

II user in a scrollable window. 

11-----------------------------===•=--=----=-=--------------------------
lpragma segment ADraw 

11----------------------------------------------------------------------
I/ Draw: 
// This method draws the sound wave on the screen for the user 
// to view. It lets the DSP generate the waveform samples . 

/!=----------------====•==-==-===--=--=-----------------------------==== 
pascal void TSoundView::Draw(Rect * / ' area * / ) 

( 

const short kStep = 20; // Number of samples to skip each step 

int numSamples; 

SampleBlock *theSamples ; 
int width, height, 1 , viewsize; 

Rect visRect; 

if (this->IsFocused()) 
( 

//-- ---------- Create room for the sample block--------------­
theSamples - {SampleBl oc k*) {NewPtr {sizeof {SampleBlock))); 

//- --- - ------- Start the DSP generating samples-- -------------
gSoundApplicati o n->Pla ySo und{true); // Set the Viewit Flag 

numSamples = l; 

//--- --------- Move t o t he left/center of the window--------------­
MoveTo (0, (short) (this-> f Slze.v / 2)); 

this - >GetVisibleRect(&visRect) ; 

viewSize - int (this- >fS ize.v / 2); 

do 

//-- ---------- Get a frames worth of data (240 samples) --------------­
gSoundApplication->fVoiceManager->GetSamples(theSamples ); 

1- 1; 

do 
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//------------ Draw the 240 samples--------------­
width - int (this->fSize.h * ((numSamples+i)/24960.0) ); 
if ((width< visRect.right) && (width> visRect.left)) 
{ 

) 

height - int (theSamples->sample[i)*this->fSize,v); 
LineTo (width, (short) (viewsize + height/2)); 

i +- kStep; 

while (i < 240); 

numSamples +• 240; 

II Only draw visible stuff 

while (numsamples < 25000); // Loop until we draw all the samples 

DisposPtr(Ptr(theSamples)); 

II •••••••••••••••••• ENVELOPE VIEW CLASS ******************* 

11----------------------------------------------------------------------
I/ TEnvelopeView class: 
// This class implements displaying the 6 envelope values to the 
II user and allowing them to change them by dragging the " handles" 
// up or down. 

11-----------------------------------=------=---------------------------
fpragma segment ADraw 

11----------------------------------------------------------------------
/ I Draw: 
// This method draws the envelope values on the screen into the 

II modal dialog. 
//======------- ----- ------=--==•-=======--=---- ----- --==--====-----===== 
pascal void TEnvelopeView::Draw(Rect •area) 
{ 

canst short kXstep = 22; 

int 
Rect 

count; 
pointRect; 

if (this->Focus ()) 
( 

//------------ Put a box around the whole 9 yards--------------­
FrameRect ( area ) ; 

//------------ Paint the handles--------------­
for (count=0; count<6; count++) 
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Set Re ct {&point Rect, (count+ 1) *kXstep-3, 100-fEnvVa l ues [count) -3, ( count+ 1) *kXstep+3, 100-fEnvVal ues [count) +3) ; 
PaintRect (&pointRect); 

//------------ Draw th e lines in between env values 
MoveTo (kXstep, 100 - fE nvValues[0] ); 
for (count•l; count<6; count++} 

LineTo ((count+ !) *kXstep, 100-fEnvValues[count]); 

fpragma segment ASelC ommand 

// Move to first env value 
// Paint the lines 
// Draw lines to other env values 

11----------------------------------------------------------------------
// DoMouseCommand: 
// This method create s a TCommand object whenever the user drags 
II one of the enve lo pe ~an dles up or down. 

/l===•=--•-==-----------••===•-====== ========•==•=-===============••--=-
pascal TCommand *TEnvelopeV ie w::DoMouseCommand(Point * /'theMouse*/ , Ev entlnfo • /'info•/, Point • /'hyste r esis'/) 

TEnvelopeCommand •a co nuna~d ; 

//-- ---------- create t he new command o bject --------------­
aCommand = new TEnvelope Command; 

FailNIL(aCommand); 
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//------------ Initiali ze the command o bject--------------­
aCommand->IEnvelopeComrnand(this); 

return ( (TCommand *) (aCommand)); 

fpragma segment ADoCommand 

11----------------------------------------------------------------------// SetEnvValues: 
// This method sets the 6 envelope values to those passed in via 
// the array. 

//•--------------------------------------------------------------------pascal void TEnvelopeView::SetEnvValues(int theEnvValues[6]) 
( 

int count; 

for (count - a; count<6; count++) 
fEnvValues[count] - theEnvValues[count]; 

fpragma segment ADoCommand 

11----------------------------------------------------------------------/I GetEnvValues: 
// This method returns the 6 envelope values in the array. 

11-------------------------==---=--=-=--====----------------------------
pasc al void TEnvelopeView::GetEnvValues(int t heEnvValues[6 ] ) 

int count; 

for (count - a; count <6; c ount++) 
theEnvValues[countJ - fEnvValues[countJ; 

II ********•••••••••••••• ENVELOPE COMM AND CLASS *********************** 

11----------------------------------------------------------------------
I/ TEnvelopeCommand class: 
// This class implements a TComrnand ob j ect that is used to handle 
// the user dragging the envelope hand l es up or down to change 
// their value. 

//=-----------------------=------------------------------------=-----==-
fpragma segment ADoCommand 

11------------------------=------==-----=---==-==-•=•==-=•=-=-------==== 
// IEnvelopeComrnand: 
// This method initializes the TEnvelopeCommand object and should 
// be called immediately after instantiating a TEnvelopeComrnand 
// object. 

//==-----------------------==-==--=-=-==-------=-===--==-----==-=•=-=--= 
pasc al void TEnvelopeComrnand::IEnvelopeCommand(TEnvelopeView *itsView) 
( 

thls->fEnvelopeView = ltsVlew; 
this- >IComrnand (0, nil, (TVlew *) (ltsV iew ), nil); 
this->fConstrainsMouse = t rue; 

tpragma segment ADoCommand 

// Let superclass initia liz e 
// We constrain the mouse 

11--------------------------------------===-----=-----=------=-==-==--== 
II TrackFeedback: 
// This method is called by MacApp as the user drags the mouse 
// around with the button down. I t handles redrawing the envelope 
// values on the screen as t he u se r chan ges them. 

11---------------------------=--•========-=----====•=-------------------
pascal void TEnvelopeCommand::TrackFeedback (VPoint •an chorPoint, VPoint *nextPoint, 

c anst 

c anst 
kXstep = 22; short 

short kHandleSize - 3; 

te mpRect; 

Boolean /*turnitOn*/, Boolean mouseDidMove) 

Rect 
int xLoc, value, t heindex, theEnvValues[6J; 

if (mouseDidMove) 
{ 
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if (fView->Focus()) 

l 
//------------ Paint using X-Or mode--------------­
PenMode(patXor); 
anchorPoint->v • 100 - anchorPoint->v; 

xLoc - (int) ((((anchorPoint->h-11) / kXstep) + 1) • kXstep - 2); 

if (xLoc < 0) 
xLoc • kXstep; 

else 
if (xLoc > 135) 

xLoc • 132; 
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fEnvelopeView->GetEnvValues( theEnvValues ); // Get the env values from envelope view object 

//------------ Figure out which env value to change--------------­
thelndex • ((xLoc-11) / kXstep); 

//------------ Repaint the handle---------------
SetRect ( &tempRect, xLoc-kHandleSize, (short) nextPoint->v-kHandleSi ze, xLoc+kHandleSl ze, (short) nextPoint->v+kHandle! 
PaintRect (&tempRect); 

switch (thelndex) ( 

//------------ We're changing 1st point, only redraw line to 2nd--------------­
case O: l 

MoveTo (xLoc, (short) (nextPolnt->v)); 
LlneTo (kXstep • 2, 100-(theEnvValues{l])); // Line to 2nd point 

break; 

//------------ We're changing 6th point, only redraw line to 5th--------------­
case 5: { 

MoveTo (xLoc, (short) {nextPolnt->v)); 
LlneTo (kXstep • 5, (short) (100-(theEnvValues [4]))); // Line to 5th point 
break; 

//------------ We're changing a middle point, redraw surrounding lines--------------­
case l:case 2:case 3:case 4: 

MoveTo (xLoc, (short) (nextPolnt->v)); // Lines to surrounding points 
LineTo (xLoc - kXstep, 100-(theEnvValues[theindex-1])); 
MoveTo (xLoc, (short) (nextPolnt->v)) ; 
LlneTo (xLoc + kXstep, 100-(theEnvValues[theindex+l])); 
break; 

// ------------ Calculate and change the value for the current point --------------­
value • (int) (100 - (nextPoint->v)); 
theEnvValues[theindex) • value; 
fEnvelopeVlew->SetEnvValues(theEnvValues); // Update the envelope values 

lpragma segment ADoComrnand 

11--------------------------=======------------=------------------------
// TrackMouse: 
// This method ls ca lled by MacApp when the user ls dragging the 
// mouse around. We use it to force a redraw when the user finally 

// finishes dragging the mouse. 

11---------------------------===---==========-==-==-=-====•--=----------
pascal TCommand *TEnvelopeCommand::TrackMouse(TrackPhase aTrackPhase, VPolnt • /•anchorPolnt•/ , 

if (aTrackPhase -- trackRelease) 
fView->ForceRedraw(); 

return (this); 

VPolnt •;•prevlousPolnt*/, VPolnt • /'nextPolnt•/, Boolean f • mouseDldMove•/ ) 

// User is finished 
// Force a redraw of the screen 

//---=--==•-==---------=-=======================================•=-===== 
// TrackConstraln: 
// This method is called by MacApp to constrain the motio n as 
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// the user drags the mouse around. In our ca s e we constrain the 

// user to the visible part of our dialog. 

11------------------------------====--=•-----•=•=-•=-==-=--------·---·--
pascal void TEnvelopeCommand::TrackConstrain(VPoint • /*anchorPoint*/, VPoint • /*previousPoint*/, VPoint •nextPoint) 
( 

canst 
canst 

short 
short 

kTop 
kBottom 

if (nextPoint->v < kTop) 

nextPoint->v - kTop; 
else 

• O; 
• 100; 

if (nextPoint->v > kBottom) 
nextPoint->v - kBottom; 

II********************** SOUND GEN CLASS *********************** 

11----········--·---·- ·····--·---···-···-----·-·-------- ----- -----------
II TSoundGen class: 
// This class is an abstract class from which all the sound 

// generators are derived. The methods here are the bare minimum 
// for a sound generator to implement. 

//==•-•-•-••-•-------••=•-•--------•-•------•---•-----------------------

fpragma segment ADoCommand 
//=•••-••=••=•=••=•••••===••=••==•===•==========•=•==•=••===••=•••-====• 
// SetView: 
// This method sets the view for the sound generator to be the 

II one passed as a parameter. 

11--•---····-------------···-····•-==•=•=••-•===••·····--············-· · 
pascal void 

I 
TSoundGen::SetView(TEditorView *theView) 

fEditorView • theView; 

fpragma segment Main 

11---··-·--·-·---··-··----•--=-=••-=•=•=-====•==•==••-==•--·--·····-•--= 
II Generate: 
// This method generates a sound on the DSP. 

//=••===••=••••=•=••==•=•••=•==•=====•••••==••==•====•======-••-•====•== 
pascal void TSoundGen::Generate(Boolean showit) 

I I Must be overridden-----------

I I==•• · ••====••·--·••=•••=••····-•-=••···••=••====•=• •• -==••-••=-•••= ·•= 
// Generate: 
// This method generates analysis data for the FFT analysis 

// object. 
II==••==•==••·•-•=••·••=====•••======••=•====•••=•===•=•===••·-··•••=•=• 
pascal void 

I 
II 

TSoundGen::GenerateAnalysis() 

Must be overridden-----------

11------••=--•-····--·---=••·······--·-··-··••=•==•=- ••- --- · ······-·-··· 
II Generate: 
// This method draws whatever is necessary for the sound 

// generator object. 

//==•=•••--•-•=••••=•••••=•••·••====•====••--==••==-=• • •--=••••=•=••=••= 
pascal void TSoundGen::Draw() 

II Must be overridden-----------

I/==•====•••••••••········••-==•==•==• •• ====••=•=•=•=••==•=••==•=•=•=•== 
II DoRead : 
// This method should be !illed in by the subclass to do 

// whatever is necessary to read in the data from a file. 

//••·•·•··••==--•·•·•••••-=• ••-• =•==•=••• •=•• =-=•==•=•===••··-·••==••=•= 
pascal void 

I 
II 

TSoundGen::DoRead( short aRefNum) 

Must be overridden-----------
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} 

11----------------------------------------------------------------------I/ DoWrite: 
// This method should be filled in by the subclass to do 
// whatever is necessary to write the data to a file. 

11----------------------------------------------------------------------pascal void TSoundGen::DoWrite( short aRefNum) 

II Must be overridden-----------

11----------------------------------------------------------------------II Showlt: 
// This method hides or shows the current sound generation 

/// technique. 

//----------------------------------------------------------------------
pascal void TSoundGen::Showit( Boolean isShown) 

I 
II Must be overridden------ ---- -

I I** ******************** MY POP UP CL As S ••••••••••••••••••••••• 

11----------------------------------------------------------------------
// TMyPopup class: 
// This class implements the popup menu for changing the algorithm 
// within FM synthesis. 

11----------------------------------------------------------------------
lpragma segment ADoCommand 

11---------------------------------------------------====•=-==•=--------
// DoChoice: 
// This method sets the FM synthesis algorithm whenever the user 
// changes it using the popup menu. 

11---------------------------------------------=------------------------
pascal void TMyPopup: : DoChoice(TView •origView, short itsChoice} 

I 
gSoundApplication->fFM->SetConfig(this->fCurrentitem); // Set the FM configurati on 
inherited::DoChoice{origView, itsChoice}; // Give the Superclass a chance 

II **************** ZOO M BUTTON CLASS ********************* 

//=====-=--=-==--=-----=-==-=-=-==---======--==-=====--==-=----==----=--
// TZoomButton class: 
// This c l ass is used by th e sound display for zooming in and out 
II on the waveform . 

11------------------------------=-=--=======---=-------=--=--=----------
lpragma segment ASelCommand 

11-----------------------------====•=--------------------------------=-= 
// DoMouseCommand: 
// This method figures out which button was pressed (zoom in or 
// zoom out) and does the appropriate behavior. 

//=---------------------------------------------------------------------
pa sca l TCommand *TZ oomButton:: DoMouseCommand(Point *th eMouse, Eventinfo *info, Point *hys t eresis ) 

TSoundView • theView; 

this->Hilite {); 

while (WaitMouseUp{)) 
this->Hilite {); 

// Hilight the button 
/ / Wait for user to let up the button 
/ / UnHilight the button 

theView • (TSoundV ie w'_) th i s->fSuperV iew - >Fi ndSubView ('view'); 

// -------------- User pr esse d the zoom in button---------­
if (this->fidentifier =- ' Zmin ' ) 
( 

theView->Resize(theView->fSize.h*2, theView->fSize.v, true); 

else 
// --------- - ---- User pressed the z oom out button---------­
( 

// Fi nd the view that has the wavef o rm 

/ / Double th e width o f the view 
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theView->Resize(theView->fSize.h/2, the View- > fSize.v, true); / / Shrink the v i ew by 1 /2 

theView->,orceRedraw(); // Redraw the screen 

return (inherited::DoMouseCommand(theMouse, info, hysteresis)); 

II•••••••••••••••• SOUND SCROLL ER CLASS ••••••••••••••••••••• 

11----------------------------------------------------------------------
// TSoundScroller class: 
// This class handles scrolling the waveform display window. 

11----------------------------------------------------------------------
tpragma segment ASelCommand 

11----------------------------------------------------------------------
/I DoScroll: 
// This method scrolls the window by letting the superclass do 
// the scroll and then forcing a redraw. We need to do this so 
// that we will redraw the whole view. 

11----------------------------------------------------------------------pascal void 

I 
TSoundScroller::DoScroll(VPoint *delta, Boolean redraw) 

inherited::Doscroll(delta, redraw); 

this->,indSubView('view')->F'orceRedraw(); 

II •••• ••••••••••• SOUND DOCUMENT CLASS ****************** 

11----------------------------------------------------------------------// TSoundDocument class: 
// This class implements saving and restoring the parameters for 
// the sound synthesis system. 

11----------------------------------------------------------------------
tpragma segment AReadF'ile 

11----------------------------------------------------------------------
// DoRead: 
// This method reads the sound synthesis method, sets the 
/ / current synth method ~nd call the generator to read its 
// data. 

/1----------------------------------------------------------------------
pascal void TSoundDocument::DoRead( short aRefNum, Boolean /* rsrcExists */, Boolean /* forP rinting */ ) 

( 

long 
Sound Type 

readBytes; 
theGenerator; 

readBytes = sizeof(SoundType); 
,ailOSErr(F'SRead(aRefNum, &readBytes, (Ptr ) &theGenerator)); 

gSoundApplication->fGenerator->Showlt(false); 
gSoundApplication->SetSoundGen(theGenerator); 
gSoundApplication->fGenerator->DoRead( aRefNum ); 
gSoundApplication->fGenerator->Showit(true); 

fpragma segment AWrite,ile 

II 

II 
II 
II 
II 

Read the name of the generator 

Hide the old so u nd gen meth o d 
Set current sound gen method 
Let sound genera~or read 
Show the new so u nd gen method 

11----------------------------------------------------------------------
// DoWrite: 
// This method writes the so und synthes i s method and calls the 
// generator to write its data. 

//•---------------------------------------------------------------------
pascal void TSound Doc ument::D oWrit e ( short aRefNum, Boolean/* making Copy */ ) 

I 
long 
So undType 

wri teByt es ; 
theGenera t or ; 

writeBytes • sizeof(S ou nd Type ); 
t heGe nerat o r - gSou ndApp lic ati on - >GetSour.dGe n(); 
F'ailOSErr (F'SWrite (a RefNum , &writeBytes, (P tr) &the Ge nerator)); 

gSoundApplication->fGenerator->DoWrite( aRe fNum); 

fpragma segment ARes 

// Write curre~~ soun d gen method 

// Let sound generator write 
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//=•=---------------------==========-=================•====-----=---==-
// ISoundDocument: 
// This method initializes the document and should be called 
// immediately after instantiating a TSoundDocument. 

//•------------------------------=-------------=-=----------------------
pascal void TSoundDocument::ISoundDocument( ) 
{ 

this->IDocument ( kFileType, kSignature, kUsesDataFork, !kUsesRsrcFork, !kDataOpen, !kRsrcOpen); 

fpragma segment ARes 

//=•-••••------------------------==-•--------------------•--------------
// DoMakeViews: 
// Override MacApp's standard DoMakeViews so we don't create 
// any views. 

//----------------------------------------------------------------------pascal void TSoundDocument::DoMakeViews( Boolean/* forPrinting */ ) 

II Don't create any views 



,.. 
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II======-=-••··•--======•-==-----=--•====-=•-·-·---···--·••=••••••••••••••••===• 
II 
// NAME 
// TAdditive.cp 

II 
// SYNOPSIS 
// This file implements th e Additive synthesis sound class. 

II 
// Author Jeff Boone, Oregon State University 

II 
II 
I I HISTORY 

II 
//=========================================================•--·-·••=••=••·•••==== 
linclude 

finclude 

"USound.h" 
<Packages.h> 

II======•==•===-•=•=•=•=••===••••·••==••-••==••···-•··•••••-•••••••••••• 
// IAdditiveSound: 
// This method initializes the Additive sound object. It should be 

// called immediately after instantiating an Additive sound object. 

ll====•=•••·•·••••••••••···········••···•··••·············•••---•-------
Pascal void TAdditiveSound:: IA dditiveSound() 
{ 

in t count; 

//-- ------------ Set the envelopes to something "reasonable"--------------­
for (count=O; count<4; co~nt ++) 

this->fOps[count] .amp£nvValues[O] = this->fOps[count] .freqEnvValues[O] • 10; 

this->fOps[count] .ampEnvValues[l) = this->fOps[count] .freqEnvValues[l) = 98; 
this->fOps[count) .a mp£n vValues[2) this->fOps[count] .freqEnvValues[2] = 75; 

this->fOps[count] .amp£nvValues[3] = this->fOps[count] .freqEnvValues[3] • 70; 
this->fOps[count] .amp£nvValues[4) = this->fOps[count] .freqEnvValues[4) - 60; 

this->fOps[count] .amp£nvValues[5) = this->fOps[count] .freqEnvValues[5) 5; 

!! ------- Set the oscilla:or frequencies to something " reasonable"------------­

this->fOps[O] .minFreq = ::o; 
this->fOps[O) .maxFreq ~~O; 

this ->fOps[l) .minFreq = ::o ; 
this->fOps[l) .maxFreq = 4~0; 

this ->f0ps[2) .minFreq ::o; 
this ->f0ps[2) .maxFreq ~~O; 

this ->f0ps[3) .minFreq : :o; 
th is->f0ps[3] .maxFreq qo ; 

lpragma segment Main 

//-----------========•-•=----=- -------- --- -=------ =-==-=--------=-=---== 
// Generate : 
// This method sets up a parameter block and calls upon the 

// voice manager to play an Additive tone. It is called when the use r 
// c licks on the • speake~• button when the system is set to 

II do Additive synthesis. The boolean parameter {showit) is set to true 
// whenever we are just ~ ie wing the sound on the screen. 

//-=---==•==--••·-·---------------===-•=--==-==-=---=-----=====----====-
pascal void TAdditiveSound: : ~ene rate{Boolean showit) 

( 

int count; 

// -------------- Number c: sa mples--------------­
fParams .param[OJ = 2496G. : ; 

// -------------- Oscilla:~r frequencies--------------­
for (count=O ; count<B; cc:c:it+=2 ) ( 

fParams.param[count+: : float (this->fOps[count/2) .minFreq); 
fParams.param[count•, : = float (this->fOp s[count/2) .maxFreq); 

//- ------------- Amplit~~e envelopes/ 100 ---------------
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\.. 

for (count =O; count<24; count++) 

fParams.param[count+9J = float (this->f0ps[countl6J .ampEnvValues[countl6J)llOO.O; 

11-------------- Frequency envelopes I 100 --------------­
for (count=O; count<24; count++) 

fParams.param[count+33J - float (this->fOps[countl6].freqEnvValues[count%6J)llOO.O; 

11-------------- Flags---------------
fParams.flags - OxOOOOOOOO; II Initialize the flags 

if (showit) 
fParams.flags I= kViewit; II View flag set to true 

else 
fParams. flags &= -kViewit; II View flag set to false 

fParams.flags 1- kHostReady; II Set the host ready flag 
fParams.flags ,- -kDoFFT; II Clear the do FFT flag 

II-------- Tell voice manager to play it-----------­
gSoundApplication->fVoiceManager->PlayVoice(fParams); 

ll===-==----------------------------------------------------------------
11 GenerateAnalysis: 
II This procedure sets up a parameter block and passes these to 
II the analysis task. Note that nothing else occurs until the user 
II interacts with analysis control panel. 

//=•=--------- --------- ------------- ------ ----------- --------- ----- --=--
pascal void TAdditiveSound::GenerateAnalysis() 
( 

1 nt count; 

// -------------- Number of samples--------------­
fParams.param[O] - 24960.0; 

11-------------- Oscillator frequencies--------------­
for (count=O; count<B; count+-2) ( 

fParams.param[count+l] - float (this->fOps[count/2] .minFreq); 
fParams.param[count+2] - float (this->fOps[count/21 .maxFreq); 

// -------------- Amplitude envelopes/ 10 0 --------------­
for (count=O; count<24; count++) 

fParams.param[count+9J = float (this->f0ps[countl6J .ampEnvValues[count%6J ) /100.0 ; 

// -------------- Frequency envelopes I 100 --------------­
for (count=O; count<24; count++) 

fParams.param(count+33J = float (t his->fOps[countl6).freqEnvValues[count\6J )1100.0; 

11------------------ Flags----------------------
fParams.flags - OxOOOOOOOO; II Initialize the flags 
fParams.flags I · kHostReady; II Set the host ready flag 
f Params.flags &= -kDo FFT; II Clear the do FFT flag 

II-- --------- Pass parameters to analysis task--------------­
gSoundApplication->fAnalysis->fAnalysisTask->SetParams(fParams); 

//=======-== == =---=-=== ======= --====-----==-==--==---=--------- - ======== 
II SetOscParams: 
// This method o pens a dialog and allows the user to change 
// the para met e rs for t he given oscillator. 
//= =====--=====-- ------ =-=====•=====•================•========= ---===•=-
pasca l vo id TAdditiveSound:: Se tOscParams(long whichOsc) 

l 
ca nst 
c anst 
ca nst 
ca nst 

ca nst 
canst 
ca nst sho rt 

TW1ndo w 

kOkButton 
kMinimum 
kMaximum 
kDialog 
kAmpEnv 
kFreqEnv 
kAddDialog 

*aW1ndo 1w; 

I Okbt I; II Consts for view ID's in resource file 
= 1 edOl 1 ; 

= 1 ed 02 1 ; 

= • dlog 1 ; 

1 envl 1 ; 

= •env 2 '; 

- 1005; 
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TDlaloqV lew 
!DTyp e 
TEnvelo peView 
TEditText 
St r 255 
lo ng 

• aDi aloqVie w; 
d ismisser; 
•ampEnv , •freqEnv; 
•minText, •maxText; 
tempText; 
tempNurn; 

11------------------ Load the dialog resource-----------------
aWi ndow - NewTemplateWindow (l<AddDialoq , nil); I I Load t~. e dla io q ~ro m resource fl le 

11------------- Init dialog with current settings------------- -­
aDialogView - (TDialogVlew •) (aWindow->F'indSubView(l<Dialoq)); 
ampEnv - (TEnvelopeView •) (aWindow->F'indSubView (kAmpEnv)); 
fr e qEnv - (TEnvelopeView •) (aWindow->F'indSubVlew(kF'reqEnv) ); 
minText - (TEditText •) (a Window->F'indSubView(kMinimum)); 

II 
II 
II 
II 

maxText • (TEditText •) (aWindow->F'indSubView (kMaximum) ); 

ampEnv- >Se tEnvValues (this-> fCp s[whichOscJ.ampEnvValues); 
f r eqE nv->SetEnvValues (this->f Ops[whichOscJ .freqEnvValues); 
NumToStrinq(this->fOps[whichOscJ .minF'req, te mpText); 
minText->SetText(tempText, true); 
NumToSt ring(this- >fO ps[whic hOsc J .max F'req, tem pTe xt) ; 
maxTex t- >Se tText(tempText, t,ue); 

II 

II 
II 
II 
I I 
II 
II 

Find the 
rind the 
Find t he 
F'1 nd the 
Find the 

Display 
Display 
Convert 
Display 
Convert 
Display 

dialog view 
amplitude evelope view 
frequency evelop e view 
minimum edit text 
maximum edit t ext 

current amp env values 
current f r eq env values 

min to string 
ln edlt text , redraw 
max to string 
in edit te xt, redra w 

11------------------ Dlsplay t ~e dlaloq to the user--- ---------- ----
dlsmlsse r - aDlalogVlew - >Pose ~odally() ; II Display the dialog to the us er 
aWinoo w- >Clos e(); 

/ / ------------------ Sto re t~e ~e w sett!~qs -----------------

![ (d ismisse r •- kOkButton ) II User cl icked the OK button 

ampEnv- >GetEn vVa lues (th is - >fOps(wnichOscj . ampEnvV alue s ); 
frcqEn v- >Get£nvValues (t~~s - >fOps iwn 1cnOscJ . freqEn vV alues ); 

~l nText->GetText(tempTextl; 
Strln gToNum (tem pText , &:ec-.pNum); 
th is - >fOps(whlchOscJ . ~lnf,eq • tempN~m; 
::1axTe x1 - >Get Te xt (tempText); 
String 'fo Nwn (tempText, &te;;pNum); 
th is - >fOps(whlchOsc J .maxF, eq - :empNum ; 

gSoundApp 11 ca tlon-> f Ana 1 y s l s ->R es ta,: () ; 
qSoundAppllcatlon - >UpdateV'.ewWlnccw(); 

ll=•--------------------------------------------------------------------
/1 Sho wlt : 
'I : ~ls proceaure either ~:=e s o r c!sp!ays the Ada'.:lve sy nthesis 
II =uttons ana installs t~e Additive vo :=es i~ necessary. rt 1s 

II calle a wneneve r t~e user =~anges syr.t~esls met~ods. 

pJscal voi d TAddltiveSou nd : : Show:: (9o o lcan '...sShown) 

~ Os c3utton • button ; 

II Save changes to amp lit ude envelope 
II Save cr.anqcs to frequency 1\nvel ope 

II Get :he min edit te xt value 
II Convert to ~~moer , save 

II Get t~e max ed i t tex t value 

II Convert to ~~~ ber, save 

II Restart t~e analysis tool 
II ~earaw :~e sound vle w wi~oc~ 

/ / -- - -- - ------ - I f ''!sShown - ~s true sr.c ~ the buttons ------- -- ------
buttcn • (TOscButton •) (tr.:s - >:£d lt crv:ew - >F1ndSubV1cw( ' 
button ->fShown - isS hown; 
Jutton - >ViewEn ao le(lsSho wn, :· ..1:se ); 
~utto n - (TOscButton • i (t~:s - >fEditorv:e w->Flnd S~bVle w(' 
cu tton->(Shown - lsSho wn; 
outton - >VlcwEna o lc (lsShown, : a.:se ) ,· 
b utte~ - (TOs c Button • J (: ~:s->fEdlt orv:e w->FtndS ubView(' 
button - >fShown a is Shown ; 
c'Jtto:i - >V lcw£nable(1s5howr., :a :se); 
□ ut:on - (TOscButton • ) (:~~s - >!EdltorV~ew - >flndSubVicw( ' 
□ uttc~ - > (St,ow n - \sS hown; 
u~t ton->V t e w£nable(1sShown , :a:sc}; 

1 1- ------------ Inst a ll t~e A~=1t1vc vo:ccs ----------- ---­
,- : '. sSho wn) 

,oStrCpy ( t~ls - >tAlqorl:c."'1 , " \p Addl:l ve Ana lysls "); 
: his - > f Ed l torV l ew - > F'o r ce;>,eo raw ( I ; 

s .) ) ; 

6') ) ; 

7 .)); 

qSoundApp l I cat Ion-> [Vol ce ~a naq e r- > ! c.sta 11 Vol ces (" \pAdd i t l ve" l; 
qSo undApplicatlon-> (Ana: ys:s - >SetAlq((Alqo r lt~"" ); 
qSou ndAppllcation-> fAr.a ly s:s- >Rest ac: (I; 

/ / :~sta.: :~e vo: c es on :~e JSP 
I I Update :~e analysis a1qor1t~m 
I I ~estar: : ~e analysis :ooi 
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gSounaAppllcation - >UpdateViewWlndow ti ; // Red raw : ~e sound v~ew winaow 

11----------------------------------------------------------------------
// Jraw: 

// This ~ethod is used to draw the lines oe tween the buttons 
// when using Additive synthesis. It i s called anytime there is an 
// update to the screen when using Additive synthesis. 

;;----------------------------------------------------------------------
pascal void TAdditiv eSound::Draw() 

I 
?enSize (5, 5); // Use a 5 plxel/5 pixel wide pen 

MoveTo (4 6, 112); I I Draw the lines between buttons 
LineTo (4 6, 123); 

MoveTo I 9 4, 112) ; 

Linero (94 , 123) ; 

MoveTo I 14 2, 112); 
Liner o 114 2, 123); 

MoveTo (190, 112) ; 
LineTo (l 90, 123); 
MoveTo ( 4 6, 123 l ; 
Linero (, 90, 12 3) ; 

?e nNonnal (); // Set :c.e pen bacl< :o normal 

• ~:aq ma segment AReadflle 

//•---------------------------------------------------------------------
/ / :::oRead: 
/ / This ~ethod reads the paramete r data !ra m the aisK. 

;1----------------------------------------------------------------------
pascal void 7Add1tiveSound::DoRead( short a~e! Num) 

lo ng 

short 

readBytes; 

coun t; 

~eadBytes - slzeof (float); 

/ / -------------- Oscillator freque n cies --------------­
~or (cou;;.t•O; co unt<B; count+•2) 

fail OSErr(fSRead(aRefNum, &readBytes, (P tr) &fOps[count/21 .minfreq) ); 

fa I 1 CSE rr ( f SRead ( a Re fN um, & readByt es, (?tr) & !Ops [ count /2) . maxf req) ) ; 

· ! --- - - - -------- Amplitude en velopes ,1 ~: J ---------------
~ :i r- (cot::-:1:.•0; count<24; count ++) 

// Rea: ~~e quen cies 

/ / Rea= ~=equenc:cs 

FailCSS rr (FSRead(aRetNum , &readBytes , ( Pt r) & [Cps ( ccunt ; 6 j . ampC::nvva 1 ucs { cour.:. \ ~ · 

/ / -------------- frequency e nvelopes / ::J --------------­
~o r (ccu:--::-0; co unt <2 4; co unt++) 
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fallCSErr(fSRead(aRefNum , &readBytes, (P tr) &fCps(cour.t16J . freqEnvValues(cour.: ,6 · l ); 1 / ~eaa !req envc!cpcs 

• ~r aq~ a segreent AWrlteft l e 

/,::~-----------------------••D•a-•••-------------~-------•••••••••-••••• 
:o ..irite: 

Th i s ~ethod wr ites the pd rameter ~J~ a :o the c:sk. 

;:js.: .J 1 void :-.;ddit~veSound : : QoWrite ( sho r: 3 ;efNum ) 

:a ng 

s nort 

'#r1tcBytcs ; 

co unt; 

..1ri tc8ytcs .. st zcot (float) ; 

:!----------- --- Oscillator f rcquen c:cs --------------­

~or (cou:--.t-0; co unt <8 ; cou nt t-7) 
fal 1::;sEr r (f'S Wrlte (aRelNum , &write3y:cs, (Ptr) & :c~s [couc.t/21 . minfreq )); 

i'al : :sE rr (i'SW rl tc (,1ReDlum , &wri tc~·::cs , (?tr) & : c ps [ cccr.:/2 1 .::,axfrcq)); 

/ / -------------- Amplitude envelopes ; : :::; --------------­

~or (col!;.t•0,· count<24 ; count ++) 

:,.Jritc : :-eot..:cnclcs 

,a l lCSErr (FSWrite (aRe!Num , &write3 y:es , (Pt r) & :Ops ( cour.: / 6J . . ,:npEnvValues 1co,; :-:: I ':·)) ; I ~r !:e amp e~veiopcs 

'I 
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/!-------------- freque ncy envelope s / 100 --------------­
fo r (count•O ; count< 24; count++ ) 
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f ai lOSEr r (fSWrice (aRefNurn, &writeBytes , (Ptr ) ,tops [co unt / 6] .freqEnvValues[count\6])); // iirite freq envelopes 
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//•------------------------------------------------------------------------------
// 

II ~~E 

// TKarplus.c p 
II 
// SYNOPSIS 
// This file implements the Karplus/Strong synthesis sound class. 
II 
// Autho r Jef f Boone, Oregon State University 
II 
II 

11-------------------------------------------------------------------------------I include 
I include 

•usound.h• 
<Package s.h> 

11----------------------------------------------------------------------II IKarplusSound: 
// This method initializes th e Karplus/Strong sound object. It should be 

// called immediately after instantiatin g an Karplus/Strong sound ob je ct. 

/1----------------------------------------------------------------------
pascal void TKarplusSound::IKarplusSound() 
I 

// Empty method; fill :~ any desired in1 t1al 1zation 

tpraqma segme nt Main 

11------······---------·--------·- -------·-----·-····-----·-------------
II ~cne rate: 
// Th is procedure sets up a pa ramet er block and calls upon the 
II voice manager to play a ~arpius/Str o ng tone. I t ls called when t he 
// use r clicks on the "spea<er• but:on when t~e system 1~ se t to 
II do Karplus/Strong syntc.esis . The boolea n parameter (showlt) is 
// s et to true whenever ~e are just vie wing the sound on the scree n . 

II- •--•--•-•--------••-•--------•----------•-••·•··-•----·•-•••••••·••·• 
pascal void TKarplusSound::Gene~ate(Boolean snowit) 

11-------------- Number of samples --------------­
'.?arams.param{0J • 25000.:; 

/ / ------ - ------- ~ave tab~e s:ze ------ - -------­
'.Pa rams.param{ll • flo at (~a ~dom () \ lCJ) • '.BJ.:; 

ti-------------- Seed va~~e !~r rando~ ~aole ---- - ---------­
'Para ms.param{2 1 • flo at l ~a~ dom()); 

. 1-------------- flag s -------- -- -----
!?a rams.flaqs - OxOOOOCOC2; 1 1 :~itialize the flaqs 

: ~ (sho wlt) 
'.Params . flags 1- lcV!ew::; 

e ise 
t Params.fl aqs &- -~View::; 

II Vie w flaq 

II Vie w flag 

: ? arams.flaqs I · kHos tRea cy; 
:?arams . flaqs I• kNeeaTolr.::; 
~?a ra ms . flaqs &• - ~DoFFT ; 

II Set ':.~e host ready flag 
II Set :~e need to ln it flag 
I I C l ear th e DO FFT fl ag 

1-------- Tell voice mana=e• t~ play 
..;.SoundAppl icat1on->fVoice~a:-- .aqer->P t ·,yVoice ([Pa~ams); 

t pra q~a segment ASelCommana 

I I·• -••· ·· • ---••••····----···••··----·••·•·-••··- - ····-··········•·····• 
// -~c neratcAna l ysis : 
// ~his proceaure sets ~~ a parameter ~ l ock d ~O pa~ses t hese to 

// : r:e ana l ysis t ds,c . :; .: : e :. ~ . .Jt not.~:~q e l se c c::'...lrs unt il the user 

:1 ! :: tcra c :s with a~a l y s : s ;= ~trol ~~~c l . 

II •··• •-•··-•·-•••••··-··•• • ••••• ••••••••••••••••••••••••••••••• ·····• -· 
p ,1sca ~ void ·;KarplusSound: : ~ e:--.e :-a-:.cAnalys:s () 

,· ; -------------- Number ~~ s a~ ples 
'.?aram s. para m{0J • 2496 0 . :; 
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// -------------- Wave table size--------------­
tParams.param[ll - fl oat (Random() \ i:01 + 1 80.0; 

11-------------- Seed value for random table--------------­
fParams.param[21 - float (Random()); 

//------------------Flags----------------------
fParams.flags - OxOOOOOOOO; II Initialize the flags 
fParams.flags I- kNeedToinit; II Set the need to init flag 
fParams.flags I- kHostReady; // Set the host ready flag 
fParams.flags ,- -kDofFT; II Clear the do FFT flag 

II ----------- Pass parameters to analysis task--------------­
gSoundAppllcatlon->fAnalysis->fAnalysisTask->SetParams(!Params); 

11----------------------------------------------------------------------
I I Show It: 
II This method either hides or displays the Karplus/Strong synthesis 
// button and installs the Karplus/Strong voices if necessary. It is 
// called whenever the user changes synthesis methods. 

11----------------------------------------------------------------------
~ascal void TKarplusSound::Showlt (Boolean '.sShow n) 

70sc8utton •button; 

/ / ------------- I! -:sShow n " 1s true s~ow t he buttons ---------------
ou tton • (TOscButton "I (thls->tEdltoc~!ew->FlndSubVlew(' 9 '!); 
b utton->!Shown - isShown; 
b ut ton- :>V 1 ewEnabl e ( 1 sShown, false ) ; 

/ / ------------- Install t he KarpluslSt•~~g volces --------- - ----­
! f (l sShown I 

pStrCpy ( thls->fAlgorithm , " \ pKarAnalysis"); 
thls->fEdltorVlew->ForceRedraw(); 
gsoundApplication->fVolceManager-•:~stallVolces("\pKarplus"); 
gSoundAppllcation->fAnalysls->SetA :g(f Algorlthml; 
gSoundAppllcation->fAna l ysls->Res:ac: ll ; 

// •• -- - ---••-••••-••--••---•--• - ••------•---•---a--••-•••••------•-••••• 
// ::raw: 
// This ~etho d can ce fllled lf an y s ~ecial drawing neeos t o be 
/ / done tcr Karplus/Stro:1q synthesis . .'f'le don • t de a:,y) 

11----------------------------------------------------------------------
~as c a l void ~KarplusSou nd::9raw() 

II fill in any drawing code 

'-

// Instal: :~e voices on the DSP 
II Update :~e analysis alqorlthm 
II Restar: : ~e analy s :s tool 
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rlt••-----------------------------------------------------------------------------
11 
I I NAME 

// TrM .cp 

II 
II SYNOPSIS 
// This ~1le implements the rM synthesis sound class . 

II 
// Author Je ff Boone, Oregon State University 

II 
II 
// HISTORY 

II 

11-------------------------------------------------------------------------------finc lude • u sound.h" 

//l include "TDsp.h" 
llnclude <Packaqes.h> 

lpraqma segment ASelCommand 

11----------------------------------------------------------------------// IfMSound: 

// This ::iethod lnitlallzes the FM sound object. It should be 
// c al l ed lmmedlately after !nstantlatlnq an FM sound object. 

//•---------------------------------------------------------------------
pascal veld ~F,ISound::IrMSound(I 

f 
l nt :cu nt; 

// -------------- Set lnltlal co ntlgur a tl o n ----------- --- ­
thl s->f C~nf lguratlon - I; 

// ------- I nitialize envelope values to so mething "r e asonable'" ------------­
to r ( co1..:r.t.•0; co unt <4 ; co unt++) 

thls- > f Ops[count J . e nvVal ues(OJ • 10; 

thls->fOps [c ountJ .en vValues[ll • 98 ; 
t hls- >fO ps[countJ . envVa lu es[21 • 7 5; 

thls->fOps[countJ .envValues[JJ - 70 ; 
thls- > ! Ops[countJ .envVaiues[41 - 60; 

t hls->f Ops[c ou nt J . en vVa !ue s [5J • 5; 

// -------- Se t t~e oscilla:ors to something ··re as onaole - --------------­

:his - >:<:;:,s [ OJ .fre qu ency• '. CO; 
:hl s- >fC;os[OJ . mlnEnv • O; 

t ~ls - >fC;o s [O J . rr.axEnv - O; 
: ~ls - >fC;:, s (O J .opType • Modulator; 

:h ls->f C:::s (ll . f:cequency • 880 ; 

thls - >fC;o s [ ll .m lnEn v • O; 
t hls->fC;:,s[ll . maxEnv • O; 

t hls- >fCp s [ ll .opType • Modu l ator; 

th is - >fCos I 2 I . frequency • 3:0 ; 
th is- >fC,:;s[21 . mlnEnv • O; 

thls - >fC,:;s i 2 I .rr.axEnv • 2 ; 
thls - >(C;:,s [ 21 . c p Ty pe • Mod ul ator ; 

t h~s - >t::ps[ JI . ~:-cquency .,, ~:a ; 

t hls - >tC:os[JJ . :ni nEnv • I ; 
t his - >t: ps i JJ .;:;ax Env ... J ,· 

th ls - >(C ;:,s [ JJ . o p Type - Ca rr:er; 

t praq~ a scq~e~t Main 

11----------------------------------------------------------------------
I/ Sc ncrate: 

// This p ~occdure s ets up a parameter blo ck and c alls ~pa n :~e 
II ·101::::c ;nanaq er to pl ay a:i. F'M tone . !t. ! s cal led ·,,rnen t .-:e L:se r 

II cltc<s o n th e Hspe aker· ~u tton wnen t ~e system 1s s et to 
II do ~ s ynthesis. ".'he boo l ea n pa ram ete r (show ltl cs se t ~o true 

II whe~ever we are ju st v:ewt ng the sou nd on th e screen. 

//•---------------------------------------------------------------------
pasc al voi d :-?!'-!Souna: : Generate (3o oiean sno w It ) 

'-
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int co unt; 

//- ------------- Number of samples--------------­
fParams.param[OJ - 24960.0; 

// -------------- Oscillator ~requencies --------------­
for (count-0; count<4; coun~+•) 

fParams.param[counttlJ - float (this->f Ops [c ountJ .frequency); 

/ /-------------- Min/Max enve l ope values--------------­
for (count•O; count<6; count~-2) { 

fParams.param[count+SJ - float (this->fOps[count/2) .minEnv); 
fParams.param[count+6} - float (this->f Ops [count/2} .maxEnv); 

// -------------- Envelop va lu es/100 --------------­
tor (count-0; count<24; count.++} 

f Params. pa ram [ count +11 J - float (this-> to ps [ count /6 J. envValues [ count I 6 I) /100. O; 

//- -------------Flags---------------
fP arams.flags - OxOOOOOOOO; II In itial i ze the flags 

if (show It) 

fPa rams. flags 1- kV!ewl:; II View flag se t to tr ue 
else 

(Pa rams.flags ,- -kV iew:: ; II View fla g se t to false 

[P arams.flaqs 1- lcHostReaay ; II Set the ho st ready flag 
l ?a rams. f laqs ,- -IC Do fr':" ; I I Clea r th e do FFT 

// -------- Te l l voice man a cer to play l t -----------­
qSoundAppl i cat ion- >fVolceMac.aqe r- >PlayVolce ( !P ar ams) ; 

l praqm a segment ASelCommand 

flaq 

11 ----------------------------------------------------------------------
// Ge nerateAnalys!s: 
// This pr oce dure sets ~pa parameter block and passes these to 
// th e analysts task . Sate :~at nothlnq else occ urs until th e user 
// lnteracts wlth analysis co ntr o l p a nel . 

//•~---------------------------------------·----------------------------
;::;asca i voia Tf MSound: : Gen erateA: .aiysis() 

~ nt count ; 

/ / -------------- Sumber == i amples --------------­
: ?arams . param{OJ - 24960 . : ; 

/ / -------------- Oscil ~ato~ : ~e quencies --------------­
:o r ( c ount=O; count<4; C:):.::-. :• · ) 

[Params.pa ram {count•l ; • ~!oat (this - >fOp s{count.l. !"requency ); 

/ / -------------- Min/Max • ~~e l ope val~es ---------------
~or ( count.•O; count<6 : cot..::-. : .... • 2 ) { 

:?arams .pac am[count • 5 ! - flo at (t h ls - >(Ops[count/21 .m lnEnv); 
!Params.param {count ... 6 i • float (t.~1s->(O ps(count / 2\ . max£n v); 

/ / -------------- Env e loo ~•-~es/1 00 --------------­
~or (co unt.•O; count.<24 ; .:=..::-::••) 

f?ara ms.param(c ount ~ ~: • floa t l: hls - >fOp s[ count/ 61 .envValues [co· c~t\6 1 I 1 ::~.0 ; 

!!------------------ ~:a~s ----------------------
: Params.!laqs - OxOOOOC: ::; I I fnlt! allze tne tlaqs 
:Para r:is . !t.Jqs I"" k:Host~cac ·.-· : Set :.~ c host ready flaq 

'.Params . flaqs , - -<DofF 7; C lea r th e do FFT (laq 

/ / ----------- ?ass para~e:e:s to ana l ys i s ~ask ------- - -------

' : so unaApp l. 1 cat 1 on - > f Ana ~ y s : s - > f Ana l y s : !; :·a s K - :>Set Par ams ( f Par ams) ; 

//------•------------•---------•••-••a-ac-n•••~•~•-•---•••-----•••--•••• 
ii ::;ecconfiq: 

, I ':'?"\is procedure sets : .-.e ::-..:rrent ? ~ sy nt~esis co nflguratlon (1 - 7) 
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// to the on e cho s en by th e user . It :s calle d when the user 
// cha nges configur at i on u s in g the pop - up me nu . It b as ic al ly 
II re arr ange s the butto ns an d instal l s t h e corresponding DSP 
// algorithm. 

//•---------------------------------------------------------------------
pa sca l void TfMSound::SetConfig(lnt t heCon fig ) 

TOs cButton *buttonl, •button2, *bu tton3, •bu tton4; 
St r31 th eAlg; 

St r255 numString; 

this->fConfiguration - th e Config ; 

// -- - -------- ,ind all 4 buttons---------------
b uttonl - (TOscButton *) (this-> fE:d1 torV1ew->,1ndSubV1ew ( • 
button2 - (TOscButton *) (this->fE:d1torView->,1ndSubView(' 
button) • (TOscButton *) (t h 1s- >f E:d1tor V1ew->,1ndSubV1ew(' 

but ton4 • (TOscButton ') (th1s- >fE:d 1torV1ew->,1ndSubV1ew(' 

1 .) ) ; 

2.)); 
3.)); 

4.)); 

/1-----------------------------------------------------------­
II---------------------- Move the buttons--- - ----------------

//------------------------------------------------------------
sw it ch (theCo nflg) ( 

case 1: ( 

case 2: 

case 3 : 

j ; 

case 4: 

c ase 5 : 

buttonl->Locate (96, 16, t:c·oe); 

button2->Locate (9 6, 64, tr:oe ); 
bu tto n3 - >Loca t e(96, 112 , tru e): 

bu tt on 4-> Loc ate (96 , 160 , :.ru e); 

t hls->fOps ( OI , opTyp e • Modulator; 

th !s-> to ps ( 1 I . o pType • Moaulator; 
th ls->f 0ps(2) , opTyp e • Modulator ; 

th ls->f 0 ps (3) . o pTypc, • Car:cler ; 
break ; 

bu tt o:,1->Locate (64 , 6 4, t:c:oe) ; 
button2->Locate (128, 64, :rt;e ); 

buttonJ-> Loc ate (96 , 112 , ':.:-:.iel; 

butt on 4-> Loc ate (96, :60, :r·ce ) ; 

th ls- >(Ops(O) . opT ype - Mooulator; 
th l s - >fOps ( l) . opT ype • Moc~ lato r; 
th1s - >f0ps{2.I . o p ry pe • Mc'1t;la t o r; 
this->tops{3J . o pType • Carr:er; 
break ; 

butto:-: 1 - >Locate (128 , 6~, : : .. ..:eJ; 

butto:-:2-> Locate c:28 , ::2, ::...:el; 
butto:-:J - > ~ocate(64 , ::2, :: ·.:e) ; 

buttc:,4 - >cocate (96, :6 0 , : r·oe); 

this - >(Cps ( O) . opTyp e • Moc:o : ator; 

this - >:Ops ( ,J . cpType • Mcc ·a:ator; 
this - >f0ps ( 21 .opType • Moac; lator ; 
th!s - >tops ( 3J . opTyp e 
brea <; 

buttonl - >~ocate (64 , : :2 , ~::;e) ; 
bu tt o:12 - >Locate (64 , : 60 , ::- ·..:e); 

bu t tc:,J - > Locate(l28, ::2, :r:oe); 
buttc:--.4 - >L o cate (128 , :60 , : :-:..;e); 

this - >fOps [ Ol . o p~ype .. ~o::J:.::ator; 

thls ->f Ops l ll .opType • Ca:cr:er; 

:his - >f0ps ( 2 ] . o pType .. ~oc:..:!ator; 

th1s - >!Ops f 31. o p Type .. Cd:-:-:er; 

b rea <; 

butt.c:-: l - >: .o cate<96, .. ,(., ::- :..:c); 

butt :-:--:2 - > ~o catc ('18 1 : 6J , :. :- ·..:e ); 

buttc:,J - > Locatc (96 , : ~C , : :-..:e); 

butt c :--.4-> I.o cate(:~ '1, : f:C:, :. :-:..:c); 

t.his - >! Ops jO I . o pType • ~ c c ·..::ator ; 

t hls- > ! Ops ( l) . o pType • Carc:er ; 
t hls - >f0ps i 21 . opType • ~ arc:er ; 

th ls->( Ops l 31 . op Type • Carr:er ; 
brea(; 
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case 6 : 

case 7: 

) II Case 

buttonl->Locate (128, 112, tru e); 
button2->Locate (48, 160, true); 

button3->Locate(96, 160, true); 
button4->Locate (144, 160, true); 

this->fOps[OJ .opType - Modulator; 
this->fOps[ll .opType - Carrier; 
this->f0ps[2I .opType - Carrier; 
this->fOps[JJ .opType - Carrier; 
break; 

buttonl->Locate(144, 112, true); 
button2->Locate(48, 160, true); 

button3->Locate(96, 160, true); 

button4->Locate(l44, 160, true); 
this->fOps[OJ .opType - Modulator; 

this->fOps[ll .opType - Carrier; 
this->f0ps[2 I . o pType - Carrier; 

this->fOps[JJ .opType - Carrier; 
break; 

/ / -- - --------------- Red raw the scree n--------------------------
th 1s- >fEd itorV1 e w- >fo rceRedraw(); 

/ / ------------------ I nstall the DSP algo ri tm s ----------------­
,umToStr!ng (this->fConflqurat!on, numString ); 

pS trCpy I the Alg, "\pf MJ\lg "); I / Eluild the DSP algorithm name 1: ~Jdgx) 
the J\lg[6 1 - numStr!ng(l J; / / Insert the number Into the str! c,g 
')SoundAppllcatio n- >fVo!ceManager - > l nstallVo !ces (theAlg); / / I n stall the voices on t!'\e CSP 

/ / ------------------ Update th e analysis algo r ithm 
;,St rCpy I thi s->!Algor!thm , " \ pfMAna ly sls "); 

:h is->fAlgorithm(lll • numS tr!ng(l J ; 

//•---------------------------------------------------------------------
// 5etOs cPara ms: 

;/ This ~e thod opens a a!alog and a ll ows the user to ch ange 
// the parameters tor the given oscilla tor. 

// ••--------------------------------------------------------------------
~ascal void :-F1-1Sound: :SetOscParams(int wh i chOsc) 

: onst .<Ok.But ton . ' Ckbt '; : ; Co nsts ~o r v i ew ID ' s in resource file 

::o nst '<Minimu m . • eaOl •; 

=::,nst <!'1axlmum ' ea02 '; 

:::Jnst <~!"eq - • ea OJ •; 

::onst <Di a log - ' r1loq '; 

::8:-:st <SnvView . ' l?r1V l '; 

:o :1st <ModDialoq - 1000 ; 

=on st <CarDl al og - 108 4; 

-:-·,11:.dow 

"'.'Jl a logView 

::;Type 
:- :::.nve lopeV!ew 

:-~dltText 

5 tr255 
.onq 

•aW!ndow; 
• aDl a loqV!ew ; 

dismlsse r; 
• envView; 
• minTcxt , •;-i.:txTcxt , • ~rcqTc xt; 

tcm pTex t; 
tc mpNum; 

/ / ------------------ Lo aa t~c dialog :-esource ----------------­
'. '. (th !s - >fOps(whlchOscl . o pType ~~ Modulator) 

aWlr.aow - NewTemplateWlr,dow (kMooDlaloq , n!.~) ; // Load t~e modu l ator dia l og ~:-0::1 :-cso:.;rcc :~ ~e 

aWlnao w • NewTcmpl.Jt.ci'ritndow {kCurDlaloq , r.~ ~); // Loa.a ~;,e carr i e r (J!a ~c q : ::om rcso....::-::c : : ~c 

/ ----------- - - Inlt d!a lo q with current cett:cqs ---------------
.1:;ialoql/!e w • (TD!aloqV!ew 'I (,1W!ndow - >FlndSubV!ew (k Jlalo q)); ; ; Find t.ne dlaloq view 

.,~vV!ew • (TEn ve! opeV!ew " l (,1W!nd ow - >FlndSubV '. ew( <E ~vl/!ew ) ); / / Flnd ,he cveiop e view 

'.reqText • (TEdltText • ) (a W!ndow-> r!naSu bView1,, re q) ); 

,, ,wl/lew- >SetE nv Values (th!s - >fOps[whlchOscl . envVa 1uesJ; 

:; wnrastrl:.g (this - >fO ps[wh! chOs c j . freque ncy, te::- .p,extl; 

~~eqText - >S etText (tempText, ~rue); 

// find the frequency eolt :ex~ 

/ / Display cu rre~t cnv va i ~es 

: / Set the current ~requer.cy 
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i f (t his->f Cp s(whichOscj . o pType -- Modulator) 

minText - (TEditText •) (aWindow- >FlndSubVlew (kMi n'.m um)); 
maxTex:c - (TEditText •) (aWlndow->FindSubView (kMaxi mum)); 

NumToString(thls->fOps(whichOsc].minEnv, tempText); 
minText- > SetText(tempText, true); 
NumToStr:ng(this->fOps(whichOsc] .maxEnv, tempText); 
maxText- > SetText(tempText, true); 

/ / Find t he ~ lnlmum e di t t ext 
// Find the maximum edit text 

/ / Convert min to s tring 
/ / Display In edit text, redraw 

/ /------------------ Display the dialog to the user----------------­
dismisser - aDlalogView->PoseModally(); 
aWlndow->C l ose(); 

!!------------------Store the new settings-----------------
1! (dismisser•• kOkButton) 

( 

envVlew->GetEnvValues (this->fOps(whichOscj .envValues); 
freqText->GetText (tempText); 
StringTc Num(tempText, ,tempNum); 
thls-> f Cps[whlchOscJ .frequency - tempNum; 

lf (t h ls->fOps[whlc hOscj .opType -- Modulator) 
( 

mlr.7ext- >GetText(tempText); 
Str '.n gToNum(tempText, &tempNum); 
t h '. s->fOps(whlchO s cj . mln Env - te mpNum; 
max Te xt- >Get Te x t ( te mpTex t); 

St r !n qT o Nu.m(t empText, &te mpNum); 
thl s->! Ops[whlc hOscJ .max Env - te mpNum; 

g SoundA p pllcation- > (l\na l y s ls- >Re start (I; 

gS oun aA ppllcati o n- >Upd a teVlc wW!nd ow(I; 

II Close the dlalog 

// User clicked the OK button 

/ / Save changes to envelope 
I I Save frequency 
/ / Convert to number, save 

// Ge t th e edi t t e xt value 
II Co nvert :a number, s ave 

/ / Re s tart the ana l y s i s tool 
/ / Re draw the sou nd vie w windo w 

11---------------------------------·· ·----·· ··· ·-·-·-····-·-·····---· ·· -
// GetContig : 
// Uti l it y !~ nc tio n to r e t urn the cu rr ent co nf l q ur a : ~on . 

/I•--···· --------····-------- --·-----------·----··----·--------·-·· ----· 
pasc a l int :~s o und: :GetC o nflg () 
( 

~e turn fCc ;. ! ~gurat i on; 

//••----------·--·--·---· ·----··---- --·-·--·······---·-··--- -··--··-· ·--

\. 

// Sh ow! t : 
// Th l s ~e : no d e ith e r nld e s o r dls p lay s t he FM s yn c~esi s 
// butto:-:s an d i nst al l s th e Add itive voices 1f necessar y. :t !s 

// c al le e ~n enev e r t he u ser c hanges s ynth e si s me thccs. 

//••----·--·· -· -···-··-· · --··· · ·· ----·---·--··------·---···------· -----· 
pascal vo ld :~s o und : :Sh o w![ (Bo o lea n l sS hown J 

~Os c Butt~ ;. •b ut t o n; 

: ~yP opup • po pup; 
St r31 :h el\ l g; 
sc r2 55 ~= Str i ng; 

/ / ------------- I f " lsSho wn N ls tr ue sho w th e butt c ~s ---------------
o u t to n • , :: scBut to n • ) (this - >[EditorV\cw - >Fl ndSu bV !e.,,.( ' 
bu tt o n- >fS~o wn - isShcwn ; 
b ut to n- >V~ewt nab l e( isSho wn, fals e); 
out t on • !7: sc But to n • J ( t h is - >fEd i torV!e w- >F!ndSubV'. e -..( ' 
b utto n- >fS~.ow n - is Sho wn; 
o :...1t to n- >V~e· 11tEna b l e ( isShown, false) ; 
o utton - ( :-:)s c Butto n • ) (this - >fEd 1t o rV1e w- >FindSubV~ e w( ' 

o utton - >fS~~ wn - !sShown ; 
b ut t on - >V:c .,,Enao le (i sSho wn, fa l s a); 
~ utt o n - • 7 : sc Button · > ( t~ !s - > f EditorVle w- >Fi~dSuoV~ew{ ' 

~ut t o n- >:S~=wn - ~sShown ; 
b:..itto n- >V~e wt.na b le (i sSho wn, false ); 

: • I ); 

2 ' I l ; 

3 ' I I ; 

po p up • (~ yPo pup •) t:h i s - >tE d ltorV!e w- >F !n dSu bV!ew I ';:c pl' I); 

po p up - >(S ~=-..n - is Shown; 
b utton - >V~e•tn ab le (1 s 5 ho wn, fa l s e); 
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//-- --------- - - Insta ll C~e fM vo ices------ - ---- - --­
if ( l s Sho wn I 
( 

NumToStrlng(this->fCon f ~guration,n umStrlng); 
pStrCpy ( theAlg , " \ pfMAlg "); 
th eAlg ( 6J - numStrlng (l; ; 
pStrCpy( thls->(Algor l t~ ~ , " \ pFMAnalysls "); 
thls- > fAlgorithm(lll - numStrlng(l J ; 

gSoundA p plication->fA na l ysis->SetAlg(fAlgorithm); 
gSounaApplication->!Analysis->Restart (); 
gSoundAp p llca t ion - >fVoiceManager->InstallVoices(theAlg ); 
this-> f EditorView->Force Redraw(); 

11----------------------------------------------------------------------
II Dr a w: 
// Th is method is used to draw the lines between the buttons 
// when using FM synt h esis. I t is called anytime there is an 
/ / update to the s c reen ~n en u sing FM syn t hesis. 

11----------------------------------------------------------------------
pascal vold TFMSouna : : Draw ( I 
( 

/ / Update the anal y sis algorit hm 
/ / Re s tart t he ana ly s i s tool 
// Install t h e voi c es o n t he DSP 

?en S !ze (5 , 5); / / Use a plx e l/5 pi xel pe n s ize 
s witc h (thls - >fCo nf lq ur at:cr. 1 

c a s e 1 : 
Mov e T o I 110 , ; g I; // Dra w the l i ne s be t wee n t he b utto ns 
Ll neTo I 1 10 , : 'l I ; 

MoveT o ( 110 , 'l 6 I ; 

Lln e To I 110 , : : ~ I ; 

MoveTo 111 0 , : ; 4 I ; 

Ll ne To (110 , : : : I ; 

b rea k.; 

} ; 

c ase 2: 
MoveT o (8 0 , 9 61 ; 

LlneTo (80, 9 91 ; 

Ll n eT o ( 14 4 , B l ; 

LineT o (1 4 4, 'l 6 I ; 

MoveT o (1 10 , ~ ~ ~ : 
Lin e To (110 , : : ~ I ; 

MoveTo I 110 , : ~ ~ l ; 

Lln e To (110 , : : : I ; 

break ; 
! ; 

c ase J : 

Move To ( : 4 4 , ~ ': ! ; 

~ineTo (1 44, - - ' ; 

Mo v eTo (80 , . .. , . 
- , "'I ' , 

Li nero (80, • •.., I • . ~ . , 
Lln e To I 14 4, : ~ - I ; 

Ll ne To (1 4 4, : { { I ; 

Mov eTo (110 , : { - I ; 

LlneTo (110 , : : : I ; 

b reak ; 
) ; 

c ase 4 : 

Mov eTo {80, : ~ { I ; 

Llne To (80 , :. :. , ; 

MoveTo (14 4, : {~ I ; 

Li n e To (14 4 , : : :: l ; 

~ove To (80 , : ; : I ; 

LineTo (8 0, : ~ - ' ; 
Li ner o ( )t, 4 ' : ,- 1 ; 

L!ne To ( 114 , : ': I ; 

b r e a k ; 

! : 
c ase ~ : 

Mov e To I; ; 2 , ; { I ; 

LineTo ( 1 12 , : : : I ; 

!--!oveTo I 6 4 , :. :. , ; 

Lin e To ( 6 4, . ::; ... , ; 

Li neTo ( 160 , : : : I ; 

Linero (160 , . :. :::, . . - - . , 
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MoveTo ( 64 , : 32) ; 

Llne To (6 4, : 97 ); 
LlneTo (160, : 97 ) ; 

Lln e To (160, :92 ); 
Move To (112, 19 2); 

LlneTo (112, 19 2); 
break ; 

}; 

cas e 6 : 

MoveTo ( 14 4, : 4 4) ; 
LlneTo ( 14 4, 1 4 9) ; 
MoveTo (11 2 , : 5 5) ; 
Lln eTo (112, : 4 9) ; 

LlneT o (160, , 4 9) ; 

LlneTo (160, 155); 

MoveTo (64, 1 92) ; 
LlneTo (64, : 97 ); 
LlneT o (160, 19 7); 
LlneTo (160, , 92) ; 

MoveTo (112, : 92); 
Lln eTo (112, 1 92) ; 
break.; 

}; 

case 7 • 

MoveTo (160, : 4 4 ) ; 

LlneTo ( 160, : 5 5) ; 
MoveTo (64, : 32) ; 

L1neTo (6 4, : 37 ); 

LtneTo I 160, : 97) ; 

Ll:i eTo ( 160 , : 92 ); 
~oveTo (112, : 92); 

Li neTo ( 112 , : 92); 
break; 

t ; 
) II Case 
?e nNonnal (); 

l pragma segment AReadflle 

11--•···-·······--·····-·- ·· ·--···-······-·-··-···-····--········-·-··- · 
// Jo Read: 

// Th i s method reads t~e sound synt~esls method , se ts the 

// current synth met hoa and c all t~e ~enerator to read lts 
// dat a . 
//==•• -••• •••••••• ••••••••••••• ••••••••••••••••o••••••••••••···••••••••• 

pascal void TFMSound: : DoReaa i sho rt aRe!S:.:..~ ) 

( 

: onq 
sh or-t 

:MyPopup 

ce aa Bytes; 

coun t; 
• ,:,opup; 

ceadBytes • slzeot (int); 

~ailOSErr(fS?.e ad(a RefNu::- .. &reaaBytes , ( ?t r ) &(Configurat lo nl); II Rea a the nar:oe c: :~e generator 

r eadBytes • s l zeof (float:; 

/ / -------------- Cscilla:vr f~equenc:es --------------­
~or (count. 0 0; count.<4 ,· c ::-...:nt•+-l 

fa ll OSE rri,SRead(aRe:~ um, &reaa3ytes, (?tr) &fOps{count J .trcquency)) ; 

/ / - --- -- -- - -- -- - Ml~ / Max envelope vai~es ------------ - -­
: o r (c0u nt-O; count<6; .::: ·~nt.+•2) 

f'ailOSErr(,SReaa(aRe:~um , &reao3ytes , (Ptr) &fOps (count/21.mlnEnv)); 

fallOSErr ! :"SRead(aRe:~um, &rea c3y~ es, (P tr) &f 0 ps [co unt / 2J .max£nv)) ; 

/ / -------------- Envelop ~alu es /lC: --------------­
~·o r {counr.•O; ,:;)u n:.<24; : :::,:...:nt ~ •) 

~eaa ~ rcqucnc 1 es 

,' / ~eaa :~e min/max envc . op c s 

fal lOSE rr (,SRead (a Re :~um, &rca c=y :es, (Ptr ) & !Ops (count / 6{ .cnvVa l~es(cour.: \6 ' 

~ctContla ( ! '.'.::~f !q urat~=~ - ) ; 

;:,opup • (T ~y ?opcp •) ('.cc:torV'.c w- >,.c.cScb V!e w('p opl ' )l ; 

po pup - >SetCur:ent1:cm( ::.:mf~qurac:..:;;1, :..:-1,;e ) ; 

t pr aqma segme nt A~r!teflle 

'-

/ / F!nd :.~e pcp~p - e~~ 

/ / Update the pop~? ~enu 
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11----------------------------------------------------------------------// CoWrite: 
// This method writes the sou nd synth es is method and calls the 
// generator to write it s data. 

// •---------------------------------------------------------------------pasc al void TfMSound::DoWrite( short aRefNum) 
{ 

long 
short: 

writeBytes ; 
c ount; 

writeBytes - sizeof(int); 
FailOSErr(FSWrite(aRefNum, ,writeBytes, (Ptr) ,!configuration)); 

writeBytes - sizeof(float); 
// -------------- Oscillator frequencies--------------­
for (count -0; count<4; count++) 

Fai lOSErr (FSWrite (aRefNum, ,writeBytes, (Pt r) , !Ops ( count I. frequency)); 

// -------------- Mln/Max envelope values--------------­
for (count-0; cou nt<6; count+-2) 

Fa i 10S Err (F SWri te (a Re fNum, ,w ri teBytes , ( Pt r) , fOps ( count /2) .mi nEnv) ) ; 
Fa i 10S Err (FSWri te (a Re fNum, ,writeBytes, ( Pt r) , fOps ( count/2 I • maxEnv)) ; 

// -------------- Envelop values/100 --------------­
~o r (count•O; count <24; co unt++) 

Page 8 

// Write the name of the generator 

// Write frequencies 

/ / Write the min / max envelopes 

Fa l lOSE rr(FSWrlte(aRefNum, &><rlteBytes, (Ptr) &fOps(count/6) .envValues ( count\6J)); // Write the env va;ues 
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r 
//=•-----------------------------------------------------------------------------
// 
/ I ~/AME 

II TDsp.cp 
II 
II SYNOPSIS 
// This tile implements the DSP specific functions such as loading 
// an algorithm onto t~e DSP, etc. Since these methods don't directly 
// interact with MacApp, I have chosen to use the standard C++ 
II constructor and destructor methods (as opposed to the IMyClass() and 
// Free() MacApp methods). 
II 
// COPYRIGHT 
II Author Jeff Boone, Oregon State University 
II 
// HISTORY 
II 

11-------------------------------------------------------------------------------
I include <Events. h> 
I Include <OSUtlls.h> 
I Include <Strings.h> 
Ila .elud e <Std Lib. h> 
11:-.clude <stdlo.h> 
I le.elude <strir.gs.h> 
l'. ncl ude <string.h> 
t l~clud e <Memory.h> 
I !~ el ude <Resources.h> 
• t :-:cl ude <£rrors .h> 

ll~clude "dspTaskD!spatcher.~• 
l!~ clude •usound.h" 

td cf1nc kNoName "\p Not Na~ea Yet" 

lpr aqma segment dsp_code 

//•---------------------------------------------------------------------
// SewTrueAddress: 

// This Is a utility ~e:~od that creates a block of memory that 
// ls to be shared by :x::h the DSP an d the hos t. 

11----------------------------------------------------------------------
Adcress NewTrueAddress( Slze t~eS1ze) 

? tr theNewPtr; 

? tr the New ?Ptr; 

Address tAd dress; 

.. (t r.es! ze ! • 0 ) 

// Loqlcal pointer to t~e data 
// Physica l pointer to t~e aat a 

~f { dsp NewTruePtr ! ·- ~eSize, &theNewPtr, :als e) : • noErr) 

/ / Error c~eati~q t~e memory 

el se 

// Ask DSPManaqer :o r ~emery o!oc K 

dspLoqlcal2Phys::a: ( theNewP:r , HheNewPPtr , , 
:A ddress.log1 c a: : thcNewPt~ ; 
:Add ress.phys :ca. • theNe wPPt r; 

/ / Co~vert t~e logica l ~darcss : c pnysica l 
// Stcce the polntecs 

1~ I se 
: Address - <NllAca:ess; / / Use r ~Jssca : : o r size 

~cturn tAdd ress; 

i i - - --------- - ------------------- ---- --------------------- - --------- - --
/ I :oSt r Cat & pSt rCpy: 
/ / :hcse are ut1llty ~-~=:ions th at ~ akc a cop y o ~ a pascal s ::!~~ 
/ / and co nvert ,1 pasca . s: r i ng to a C :;~.ri ng, r esp c:: t~VP.t y. 

/!••·-----------------------------------------·---·---------------------
\/ :::..: ;JStr Ca t ( St r31 ou t st :, :: : Jl ~n str) 

.:hart I; 
: o r (l•J ; '. <· lnstr (c: ; : -•) 

o utstr{ outstr(Ol 

~utstr(OI •• lnstr(O I ; 
l nst r : '. I ; 
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vo i d pStrCpy( Str31 outstr, Str31 instr) 
{ 

short i; 
for (1-0; 1 <- 1nst.r [ O); 1++ ) 

outst.r[1) - 1nstr[1); 

out str [il - ' \ 0'; 

Project:Project:TDsp .cp 

!••••••••••••••••••••••••••••••• D SP CLASS ••••••••••••••••••••••••••••••••••••••; 

11----------------------------------------------------------------------
// DSP Class: 

// This i s the class that de als directly with the DSPManager. It 
// handles creating new tasks !or the DSP to execute. 

11----------------------------------------------------------------------
11----------------------------------------------------------------------
/ I TDsp: 

// Th is is the constructor for the DSP class. 

11----------------------------------------------------------------------
TDsp: :TD sp () 
{ 

/ / We don't need anything yet 

//••--------------------------------------------------------------------
/ / -TDs p: 
// This is the de stru ctor ~o r the : s? cldss . 

11----------------------------------------------------------------------
TC s p :: ~TDs p ( I 
{ 

/ / We don't need anythinq yet 

lpraqma segment Main 

11----------------------------------------------------------------------
/I :ns tallTas<: 

// Th is ~et.hod handles l~taillnq a :ask o n th e DSP. Note th at 
// the t ask is not activated ; th is ~us t be done explicitly. 

11----------------------------------------------------------------------
OS~ rr '!'Dsp: : !:,st al lTask. (ProcessType c .-.e Type , TDs p Task. • newTask , 

Po r t:: wnicnP~:-: , Ke !cre nceQualif!e r "'1here) 

~SErr 
:"askHeaae .r• 

tOSE rr; 
:Ptr ; 

.' / ---------------- ~heck ! = r nil tas < --------------­
.• (ne wTa s< =- nl 1 1 

debuqst r(" Oops, tr yi ng :o inst.a:: a nil tas< ."); 

/ / ---------------- ! ~ser t :~e task --------------­
: Ptr • (:a sk. Head e r * ) ne wras .<->Where ( l . !oqic a l; 
:OSEr r "' -:sp!nse rt Task ( t ."'.e Type, wr. : :::-:Port, t?tr 1 where); 

!/---------------- Se t up :~e port --------------­
: f (t OSEr :- - - no£ rr ) 

:1ewTas,c - >WhtchP o rt ( ,..· :i:c:1 Portl; 

/!=~--------------------------------------------------------------------
/ / 5 uspena Tas,c: 

// This :-et.hod ha nalcs a c a c tlvat1~: ~ n acttve t ask. rsote t hat the 
// t.aslc ·..-: ~i. s t.tll b e a ~ . :::ca t cd a:-:.: :~ th e t, 1s ,c 11 st. 

//··---------------------------------------------------------------------
vc : :: T~ sp : : ~-_;spenClTask.(' ~:- sp T a s < • : ~.c T a s c:, 3 0 0 10.an : :-w11cd) 

(!mmea) 
/ / ------- -------- Tu r~ :he tas~ = ~f ~~ow -----------------
( (Tas<He aa e r ") t~eTas< - >;./here ( I . : ~qica , )-> t n_ flaqs &• !ds pTa skActive ; 

e l s e 

/ / --------------- Sync~~o - stop :~e tas K --- --------------
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( (T a sKHeader " l c ~eTas k- >Where () . l o g i ca l )- >th fl ags I • dspTaskNxtSta t ei n Actl v e ; 

11----------------------------------------------------------------------
/ I ResurneTasic: 
// This method handles acti v ating an inactive task. 

11----------------------------------------------------------------------vo ~d TDsp:: ResumeTask (T~spTask• theTask, Boolean immed) 

! 
if (immed) 

//--------------- Turn the task on kNow -----------------
( (TaskHeader *ltheTask->Where() .loqical)->th flags 1- dspTaskActive; 

else 

//--------------- Synchro-start the task-----------------
((TaskHeader •)theTask->Where() .logical)->th_flags 1- dspTaskNxtStateActive; 

11----------------------------------------------------------------------
II Remove Task: 

// This method removes a task from the DSP list of tasks. Note that 
// it ~s still taking up memory after this call. 

11----------------------------------------------------------------------
CS~ rr TDsp: : Re moveTas k(? r o ce s s Ty pe th e Ty pe, 7 :spTask• theT a s k) 

OSErr t CS Err; 

/ / ----------------- semo v e the t as, from th e li st --------------
t OSErr • as pRe mo v eT a s k ( theT y pe , t h e Tas K- >Whi chPo rt ( I, (T as k He aa e r • 1 th e Ta sk - >Whe c e II. lo gica l I; 
t.OSErr .. no £rr; 
retu rn <::)S£ r r ; 

// •---------------------------------------------------------------------
/ / Kickit: 
// This method tel l s th e DSP to loo k a t th e tasics that we ' ve set 
I I up. :-~ is s hou l d b e the l as t met ho d call ed when yo u have b u i lt , 

// Ins t all e d , a nd a ct lv ated a t a s k. 

11----------------------------------------------------------------------
CS~ rr TDs p: : :<ickit () 

! 
r eturn cspU pdat eLl s : (Inte r ri.;p tPr oces s : : ) ; 

: s p C :. A S S 

-:'DspTas.lC Cl as s: 
7his class i s ;,;s ed for nui!dinq a .: s? t as k . :-~e ic e a is to 
bu i : d thetas~ :~ ~ac in : o sh ~ emery a;.d t he n p assing i t o ff 
t o : ~ e DSP to e xec ~ te i t . 

, ~cag ma se g ~en t Task 

/' •---------------------------------------------------------------------
/ / -:'DspTas <: 

This 1s the c o ;:s t ructor :o r t ne : :sp Task. c l ass. 
/ -a • • •••• • • •• • • •• • • •• • - •• • •• •••-• • •••-•• ••• • •••• • • •• ••• •• • • • • • • • •• •• • • • 

/ / ------ - ---- Al l o ca:e t he ~emor y fo r :~ e heade r ----------­
dsp Ne w7 :-·..;ePt r (Task rieader S l zc, (?t r • ) & ~:-a s .<He a ae r , ~a lse ); 
~ f ( t 7as.<He a de r • · :. ~ 1 ) 

dcb~ ~ str(" Co u l c~ · : a llo= a t e :ask Hea~e r") ; 

/ / ----------- I nlt ~a:~ze t ~c ~~c l ds ----------­
f Ta skHeaae r- >th _ f ! a o s - OxO; 
: TaskHe ad c r- >th t 1 : s : CodcHcaaer ~ <Ni :,; :j.::::lress; 
f Ta s kHeaae r- >t h _ne x t ~as kHeaaer - <Nl l A~ore s s ; 
~Ta s kt iea a cr - > th _Rea . :- ~~eReq ~~ r cments .: ::- _ ~o stB u sCy cl c sPe rsamp l e - O; 
:T a sk Hea a er - >th _ i<ea . 7~me Rcq~: r cme nt s . :-: :-_d s pC ?'..:Cy cl cs Pe r Samp l e = O; 

pStrCp y ( ~~askHe a der - >t h _na me , <NoNamel ; 
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ll•--------------------------·-----------------------------------------
11 -TDspTask: 
II This : s the destructor for the TDs pTask cl ass. r : ~es t roys 
II the cca e blocks and the task header. 

11----------------------------------------------------------------------
TDspTask::-TDspTask () 

I 
TDspCodeB l ock* tCB; 

/1 -------- Destroy all the code block headers----------------­
while (!f~rstTCodeBlock !- nil) 
{ 

tCB - firstCodeBlock()->NextCodeBlock(); 
delete firstCodeBlock (); 
firstCodeBlock( tCB); 

I I--------- Destroy the task header----------------­
dspDisposeTruePtr( (Ptr)!TaskHeader); 

11----------------------------------------------------------------------
II I nstallCoceB l ock: 
II This :::ethod instal l s a code block in to the task . Sonnally, 
II you read in the DSP cod e from th e resource f ile a~ a the n 
II l nsta ~l it into the task. 

11----------------------------------------------------------------------
vold TDs pTa sk:: :nsta l lCodeBloci< ( ::JspCodeBlock' newCoaea:cck ) 

TDspCodea:ocx• tc mpTDspCodeBlock; 

te mpTDspC oceB lock - flrstCodeBlock(); 
fl rstC o de3 l ock{ newCodeBlock I; 

II Ge ~ ~1rst code b loc k 
II :~s: al l the ne w code bloc< 

I f {tempT:JspCodeBlock ! - nil) 
firstCodeBlock{)->NextCodeBlock{ te mpTDspCode Bloc < I ; // Patch in tr.e old first code ~~ock 

11----------------------------------------------------------------------
Name: 

II This ~=ili ty method elther returns the name of :~e task {no 
// argurr:e~tsl o r set s the name of the task (p ass na :-:-:e as an 

I I aqrc, :::ec.: I . 

11----------------------------------------------------------------------
vold TDs pTasc: :Sam e(S tr31 newNamel 

pStrCpy(~~ a skHeader->th _na me, r.ewName) ; 

Str31 TDs pTas<: : :-lame{) 

retur n f7as ( Hea o er - >th ~ame ; 

t praqma seqme~: ~ a ln 

ll•---------------------------------------------------------------------
1/ Where: 
// T his .s a commo n ly t..:sed ;.,ethoo t:i at rcc.ur:is the .:-. ::.:::r-ess of 

II t he csoras k. 

//••----------------------------··-·------------------------------------
Address TDs p:as<: :Where{) 

Address : Address; 

t Addrcss. ~::::;ical .. (?tr) ~T a.s( He a dcr ; 

d spLoqi c .1.;?~ysical ( tAa drcss. :o qlca l , &tAddrcss . pr.ys := al) ; 

retu rn tA := ~ess ; 

/ / Retr'.cve :~c lo o~cal p t r ~~ = ~ :!c ld 
/ / Co nvert to pnys~c .11 ~cldrc ss 

II • •••-- - -•-•••----•••••--=•••••••••••=••••••-••••--•••••••--••••••• • •-• 

II BusC ycles: 
/I This ~e:ho d either retur~s the cu rrent number c : :SP bus cyc l es 

\.. 
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II u sed by the task (c.o argument) o r sets th e number of DSP bus 
// c ycles (pass cycles as argument). Thes e figu res ar e us ed by 
// the DSP to figure c~t 1f 1t has enough real tim e bandw1th to 
// handle processing tc.e task. 

//----------------------------------------------------------------------unsigned lo ng TDspTask::BusCycles() 

I 
// ------------- Return the current bus loading-------------
return fTaskHeader->th_~ealTlmeRequlrements.rtr_hostBusCyclesPerSa~ple; 

void TDspTask::BusCycles( ~c. signed long newBuscycleCount 
( 

// ------------- Set the new bus loading------------­
fTaskHeader->th_RealTl ~ eRequlrements.rtr_hostBusCyclesPerSample - newBuscycleCount; 

11----------------------------------------------------------------------
II DSPCycles: 
// This method either :eturns the current number of DSP cycles 
II used by the task (c.o argument) or sets the number of DSP 
// c ycles (pass cycles as argument). These figures are used by 
// th e DSP t o f igure o~t 1! it has enough real t1me bandwlth to 
// handle processing :c.e task. 

11----------------------------------------------------------------------
unslgned lon g TDspTask:: DS?~yc les() 

I 
// ------------- Returr. :~e cu r re nt cpu loading- ---- -- ------
return [TaskHeadcr - >t h_~ e al TlmeR equlrcm e n ts .r tr _dspCPUCyclesPerSa ~ ple; 

void TDspTask : :DSPC yc les( _c.s lgn e d long newDSPC yc leCou nt ) 

// ------------- Recur~ : ~e current cpu lo aaing - -----------­
~TaskHeade r- >t h_Re a lT'.~eRe qulr emen ts.r tr_dspCPUCyclesPerSa mple • c.ewDSPCycleCount; 

//••--------------------------------------------------------------------
// F!rstCodeBlock : 
// Th1s method either :eturns the first c ode block fo r t he task 
// (no arguments) or s e t s the first c ode b l ock (pass the new coce 
// block a s an argumec.:). 

//••--------------------------------------------------------------------
TDspC odeBlock• TDs pTask: :: '. :st CodeBlock() 

voi d 

r eturn fF l rstTCodeBlo c <; 

".'DspTask : :FlrstCo c e3 ! ock( TDspCodeBloc•• newF!rstCodeBlock ) 

lf (newf1 rstCodeBlock • nl 1) 

f Tas k He ader- >th f '. : s cC o deHeader • newF!rstCodeBlock->Where(); 

e lse 
fTaskHeade r- >th r: :s:CodeHeade r • ~Nil Aad ress; 

f FlrstTCodeBlock • ne~: '. :s t CodcBlock ; 

//••-·-------------------··------------------·--------------------------
// ~cxt Ta skHeade r: 
// ~his method e i t~e~ : e:urns t he header o f t he next t ask 
// (no arg uments) e r se: s t he heaaer of : ~.e next t .1s1C (pass tf .e 
// ~cw h e ader as an ~ :~~~ent). 

//•---------------------------------------------------------------------
';''.),-pf, 1s k • 
( 

TDspT,1sk: : :,e xt ".'askHeaocr() 

~ctur n !Nc xt Task; 

voi d -:"9spTask: :NextTaS( .-.eadcr ( TD spTask• :-:ewNext T asK l 

If (ne wNe xtTask !• n L . 
~TaskHea der- >th _~ ex:TaskHeaaer ~ r1ewNextTask - >Where() ; 
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else 
fTas<Header->th ne xtTaskHeader - ~NilAddress; 

fNextTas< - newNextTask; 

; ••••••••••••••••••••••••• D S ? DAT A BLOCK CLASS ••••••••••••••••••••••••• / 

11----------------------------------------------------------------------// TDspDataBlock Class: 
// The )SPManaqer has a set of routines that allow easy management 
// of data buff ers. The TDspDataBlock class places a wrapper around 
// these routines. 

11----------------------------------------------------------------------
lpraqma segment DataBlo ck 

11----------------------------------------------------------------------
/I TDspDataBlock: 
// This is the constructor for the TDspDataBlock class. It must be 

// passed the size of the data block that you wish to create. It 
// w11 1 then initialize all the fields to reasonable values. 

/1----------------------------------------------------------------------
:JspDataBloc<::TDspDataBlock ( S1ze blokSize ) 

/ /------------- Create a ne w data bloc< heade r---------------­
dspNewT r:..:e~t r (Oat. a Headers 1 z e, ( Pt r•) , te at a Header, false) ; 

i f (~'.;ataHeade r -- nil ) ret:Jrn; // There was an error 

/ / ------------- Cre ate th e aat a block ---------------­
IDataH eaoer- >dh haddr - NewTr~eAddrcss( blok51ze I; 
lf (!Data Heaaer->dh _haddr. lc qical -- nll I 

[ DataHeaaer- >dh hslze - nil ; 
e lse 

fDataHeader - >dh hsize - olokSize ; 

/ / There was an error 

// ------------- I nitialize tc.e fields ----------------
!D ataHeacer- >d h write 
fDataHeaaer - >dh read 
[DataHea de r->dh flaqs 
fDa ta Heaaer - >dh _datatype 
[Da taMeaaer - >oh_in terruptyec 
fDataHeader->dh u serinfo 

- OxO; 
- OxO; 
- OxO; 
- 'bu qr•; 
- n 11; 

- nl l ; 

// ••--------------------------------------------------------------------
// -TDspCa:a3loc<: 
I I 7~ 1 s is :~e destructor :J r th e TJspD ataB loc k class. :t disposes 

// :c.e ~emory c sed by t~ e ca :a b loc< a na th e heade r . 

// ••--------------------------------------------------------------------
::: spD ataSlcc<: :- TJs pDataBloc< (I 

// ---------- Di spose th e aa:a □ loc k -------------
'..! (!:;a:a Heaa er->dh _h addr . :.:,q !.cal !.,. :1ill 

dspD'.sposeTr~ePtr( fData Header- >dn_~ addr. lo qlcal ) ; 

I I ---------- ~ispo s e the he aaer ------------­
ds pC1s;::osef : cePtr ( (Pt r) fCa:a~eaaer : ; 

II ••••••••• ••--••••• •••• •••-••••-•••••••~••••-••••••---•-••••••-•-••••-
'r'l'he re :--:eaae r: 

II :~ ~s ~et~od returns t~e Acdress ct :~e ~eade r o! the dat a 

b ! oc < . 

. /••--------------------------------------------------------------------

Address :Address ; 

t.Addrcss. i oq :cal .. (Ptr) f C ... tta t:e ader; 
<.JspLoq:c a :2?~yslcal ( tlldd r ess .: ogica l , &tAddress . physlcal I; 
retur ~ :Add ress; 
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11----------------------------------------------------------------------
// WhereData: 
// This method returns the Address of the data in the data 
// block. 

11----------------------------------------------------------------------
Addre s s TDspDataBlock::WhereData() 
( 

Address tAddress; 

tAddress.logical - fDataHeader->dh_haddr.logical; 
dspLogical2Physical ( tAddress.logical, ,tAddress.physical ); 
return tAddress; 

11----------------------------------------------------------------------
// Size: 
// This method returns the size of the data block. 

11----------------------------------------------------------------------Size TDspDataBlock::Slze() 

return fDataHeader->dh_hslze; 

/,'•---------------------------------------------------------------------
/ / Sta tus: 
// This method returns one flag from the dh _ flags f'.eld ln the 
// data block (pas s the tlaq that you' re tnterested !.nl. 

// ••--------------------------------------------------------------------
3oolea n TDspDataBloc<: :Status I sho rt bltNum ) 

re turn ( ( ( (long) Cxl « bitNumJ & fCat aHe a der - >d h flags ) !- 0 ); 

11----------------------------------------------------------------------
II SetStatus: 
// This method sets on e flag In the ah_~ '.ags field '.~ th e 
I I data block (p ass the flag that yo u want to set) . 

11----------------------------------------------------------------------
V O!. 0 TDspDataBloc<: :Se tSt atus ( short bltNum I 

~DataHeader->dh ~~aqs I "' ( (lonq)0x0l < < o : tNum ); 

~esetStat'Js: 
/I Th is met ho d c'.ears one flag (or all f'.ags I n the ah_flag s field 
/.' ln the data .:::~ccx. (pass the f l ag t~at ·!·a u want :~ clear or -1 for 
Ii all flags ). 

/, •------------------------------------------------------------------··· 
~DspDataBloc<:: ResetStatus( short bltS~m I 

cf ( bl tNum < C J 

fDataHeader-> o~ flags • O; 
else 

fDataHeader - >:h _ flags &• ' ( ( lo ng ) OxO'. << bltNum I ; 

: nstallfntVec : 
This ~etnod set s ~p t he !ntcrr~pt vcc:or tor the data b lo cK. 
The DSPMan aGe : wil l c a l l t his r o ~t 1ne : ~ accoroa;. c e wlth :~e 
tlaqs t hat y~ ~ nave cs t aoll s hca ! ~ r : ~e data b lc c( . 

7D sp~) ataBlo c o:::::: nsta1 1 :ntVec( ? :-ccP t:- : ;ltRouti;.e 

~DataHeader - >dh _ ~:.:er r uptvcc - lntR o ut1 ne; 

,, ----------------------------------------------------------------------
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r /1 TJserVar: 
// This ~ethod eithe r sets the dh userinfo field of ~he data block 
// (pass the value to set) or returns the current setting (no 
// arg=ents). 

11----------------------------------------------------------------------
long 
( 

void 

TDspOataBlock::TJserVar() 

return DataHeader->d h_user info; 

TDspOataBlock::TJserVar( lo ng newVar 

fDataHeader->dh_userinfo - newVar; 

11----------------------------------------------------------------------
// DataType: 
// This method either sets the data type of the data block 
// (pass the type to set) or returns the current data type (no 
I I a rg,;.-nents) • 

11----------------------------------------------------------------------
unsigned long TDspDataBlock::DataType() 

return !:;ataHeader - >dh_datatype; 

void TDspDataBlock: :DataT ype( unsigned l ong newVar ) 

!DataHeaoer->dh _da tatype - ~ewVar; 

11----------------------------------------------------------------------
// Name: 
// Th~s ~ethod either sets the name of th e data blcck 
// (pass the name to set) o r returns the current na=e {no 
// arg~~ents). 

11----------------------------------------------------------------------
void TJ spJataBlock::Name(StcJl ne wName) 

pStrCpy(~~ataHeader - >dh_na~e, ne wName); 

Str31 
( 

TJs pJ ataBlock::Name() 

re tur n !:ataHeader - >dh na~e; 

/!•---------------------------------------------------------------------
// Reaar:: c ex : 
// This ~ ethod either se ~s the read i:1dex of the aa:a block 
// (p ass the 1:-idex to s et ) or returns the cu rrent :-e aa index (no 

II arc;cc:::ents). 

//•=--•--------------------·----••==•••=••-•-=----·--·---·--------=-•---
veld ::s~~ataBl oc K::Reactrr.cex(uns 1qne d i on g newi na e x 1 

fData ~e aoer- >dh read • new i ndex; 

uns iqnc d : .:,=--.q TCspDataBloc•: :Reao l ~oex() 

retur~ ~:at aHeader- >d h reaa; 

II·•• ••• ••··•·••-• • •--•--••••••••••••••••·•••• • •••••••••••- - - - - ------ ••• 

// Write!~~ex: 
II ~~ ~s ~e th od elt hcr se :s the wri t e ~nde x o~ :~c =a :a cloc k 
II (;Jass t he index t o set) o r returns the cu rr e n t - :-::e i ndex ( no 

II a c~ ·.:.- ent s l. 

11-----------------------•-=•••--=••···==••-···--•--=••····· -·-----·----
vol<l :: s pJ ataBlock::Wrlte[ ~ae x(unslgned l o ng newlnaex l 

fDa t arie aae r- >d h_write "' :--.ewi nd ex; 
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unsigned long 
I 

TDspDataBloc,::Writelndex() 

return fDataHeader->dh_wr!te; 

Project:Project:TDsp .cp 

/**••••••••••••••••••••••••• D SP P R 8 CLASS ••••••••••••••••••••••••••••! 

//••··-·------------------------------------·-·-·-----------------------
// TDspPRB Class: 
// The DSPManager uses "Partial Result Buffers• which allow many 
// applications to sum their sound data into . At the end of every 
// frame , the DSP takes the data from these PRB's and packs it 
// into t he correct for.oat for the DMA buffer to the D/A converter. 
// The TDspPRB class places a wrapper around the routines to manage 
// these buffers locally. 

11----------------------------------------------------------------------
11--------------------------------------------··------------------------// TDspPRB: 
// This is the constructor for the TDspPRB class. Pass the ID of 
// the port in which you wish to sum into. 

/l•·· ·-----------------·----•------------------·-·---------•------------
TDspPRB: : TDspPRB(short whichPort) : TDspDataBlock (0) 
( 

OSErr err; 

// --------------- Get the address of the PRB for the desired port -------- ------

Page9 

err • dspGetPartlalResu ltB ufferAddress I nterruptProcessID, whlc!cPort, (Ptr •i & (fDataHeader->dh ha ddr.phys! c a l)) ; 

1 f (err ! • noE rr) 
debugstr(• co uldn't :;et PRB Address•); 

!PRBnum • wh!chPort; 

II•-••••••••••--•--•••-•••••••••-••••••--•••••••••••••---•-•••••---•--•-

/ I -TDspPRB: 
// This is the destr uc :ar fo r the TDspPRB clas s. 

//••·······-·---····--··-··--·-····-·················-·---··----··---·--
TDspP RB::-TDspPRB() 
I 

// fill ln any des!rea 2: ean up code ... 

; ••••••••••••••••••••• ::::;;5p P A RAM 3LOCK CL ASS•••••••• ................... / 

//••·· ······-·-·······-······-··· ····· ·-·· ····· ···-··--·-···-·-········· 
// 7DspParamBlock Class: 
// ~his is a class wh : =~ allo ws you to s et up a block of data 
// to share between t~e DSP and host co de wi thout all th e 
// o verhead as s oclac.eo w it!"l ouff er management (no he ader). ~ o r;;.a ily 

// t his ls us ed to s~.a !'"e a ~c w pa rameters bet ween t he host ana :SP . 

//••··· ·······-····-·······················---------·····-···-·····-···-
f praq~a seqment Par amBl ocK 

//••·------···· -·-·-···-·· ·-··--·-- ·-····· ······· ··········- ·· ··-···· ··· 
// 7Dsp ParamB loc< : 
// This is the c o ns tr~: ~ o r !or the T~spP ara mBloc k cl ass. Pass :~e 
// s ize o f th e pararr.et e , block . It w!l, allo cate the storage f= , 
I I l t. 
II·· ···••••••••••••·• • •••••••••••·• • ••• •••••••• • •• ••• • •••• • •••••••·•·••• 

TCspPa ram Bl ock. : : , DspPa ramB: =c i< ( S 1 ze bl okS 1 ze I 

l f ( blok.S!ze ! • 0 ) 
( ParamBl ock • NewT:-·.:eAddrcss ( bloii:.S i ze ) ; 

else 
fPa ramBl ock - cNt:A= c rcss ; 

~Si ze• olokSlzc; 

/I •• •••••••• -• ••• • •••• •••• ••••••••••• ••• ••••••••••••••• •• • • ••••••••••••• 

// -TDspP aramB lock : 
// T his t s t!'le tJes tr ·...::::c r ~o r the TD sp ParamBlock clas s. It wi: : 
// dls pose of th e me~o , y use d by the parameter block. 

//••·· ·······-·····-· ·······-·········· ····· ··············-········· ·· ·· 
TDspPa ramBlock: :- TDspPara ~3:o c k () 
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( 

if ( fParamBlock.logical ! - ~il ) 
dspDisposeTruePtr( fPar a~ Block.logical ); 

11----------------------------------------------------------------------
// Where: 
// This meth od returns a pointer to the parameter block. Note: this 
// will be the actual data since there is no header informati on . 

11----------------------------------------------------------------------
Address TDspParamBlock::Where() 
( 

return fParamBiock; 

11----------------------------------------------------------------------
// BlockSize: 
// This method returns the size o f the the parameter block. 

11----------------------------------------------------------------------
Slze TDspParamBlock ::Bl ockSize(l 
( 

return fSlze; 

I ••••••••••••••••••••••• cl 5 ? C O D :;: B L O C ~ C L A 5 5 • • • • • • • • • • • • • • • • • • • • • • .. • I 

// •-••------------------------------------------------------------------
// TDspCodeBlock Cla ss: 
// This 1s a cla ss which ~old s DSP coa e resources to be executed 
// by the DSP. There are ~ e: hods to aad Initialization functions , 
// Visible functions , d ata :,loclcs ano parameter blocks. 

11----------------------------------------------------------------------
fpraqma segment Js pCode 

11----------------------------------------------------------------------
/I TDspCodeBlock: 
// This Is th e constructor : ar t he TDspCodeBlock class . Pass a 
// pointer t o Che task chat you wane co lnstal ~ t~ e code block 
// Into. 

/1----------------------------------------------------------------------
TDspCodeBlock: :::spCodeBlock t : :s pTask• ~y Task I 

s hort I ; 

:MyTask • ~yT ask ; 

// --------------- C reate t~e cod e heaoer -------------­
as pNewTruePtr (Cod eHeaderS i : e . (Pt r•), :C:, deH e aoer, [ al s e); 

'• ( [CodeHe ader -- ni l I 
debuqstr ( "Couldn't all~=ate new CcdeHeader"); 

/ / --------------- Initia~::e :he coae he ader------ - -- ----­
::::odeHea der - >cd_dspqlobal s .. :g1cal • , ?tr ) dspGlobals Read (); 
as pLogi cal 2? ~ys ical ( fCodei-ie ao er- >cd _ cspg l oba ls . :ogi ca 1, & fCodeHeade r- >cd dspq lob a i s. phys i c;i:) ; 

!CodeHeaoer - >c d _firstVF u nc ~e ader - ~Si lA ddr ess; 

fC odeHeader->cd _ i func - <.~ ~ : .!..ddres s; 

~Cod eHc aoer - >c d ncxtC odeHea ~ er - kNi:Address; 

!CoacHcader - >cd_numdb h • 2 ; 

:o r ( 1 - O; '. < MAX_DBHS; :- • I 
fCodeHe aaer-> cd_d bh ( 1 i • <NllAd d c es s; 

pS tr Cpy (! C::a eHeader - >cd_ :-:a :- e, KNoNa rr.eJ ; 

11----------------------------------------------------------------------
I / -7JspCorlcB ! ac K: 

;·his i s ::he dcstruc:::: :- :: r th e ~:' s :JCodeHlocK ci ass. l t unloads 

/ / t he I!1,;r.c and a l l t.t: e ·;~_:nc's fc :- : !"1.e co de o!oc lc and the n 

de al loc ates the memor y :~r the c= ~e bloclc . 

1/·•--·•-•-------------------•••------------•-•-••---••--•••·-•------•--
~~spCoaeB:ock: : - TDspCodeBloc, t i 
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Addres s 
Pt r 
Ta skHeaderPtr 

tAdd ress; 
tPtr; 
theTask; 

// --------------- Kill the Ifunc -------------­
th eTask - (Tasl<HeaderPtr) !MyTasl<->Where () .logical; 
if (dspUnloadifunction ( t heTask, !CodeHeader) ! - no Err) 

debugstr("Problem unloading Ifunc"); 

// --------------- Kill all Vfuncs --------------
while ( !CodeHeader->cd firstVfuncHeader.logical !- nil ) 
( 

tAddress - ((VfunctionHeader*)fCodeHeader->cd firstVfuncHeader.logical)->vf_nextVfuncHeader; 

if (dspUnloadVFunct ion ( theTask, (VFunct ionHeaderHandle), ( !CodeHeader->cd first VfuncHeader. log ica 1) ) ! - no Err) 
debugstr("Trouble un l oading v!unc"); 

// ------------ Reconnect the link ed list--------­
!CodeHeader->cd_firstVFuncHeader - tAddress; 

!!---------------Dispose the parameter block-------------­
tPtr - fCodeHeader->cd_dbh[kDSPParamBlockJ . lo gical; 
l f (tPtr ! - nil) 

dspDlsposeTruePtr( tPt r ) ; 

// --------------- Di spose the code header--- ----------­
ds pDi s pos eTr uePtr ( (Ptr) tCodeHe ader ) ; 

11----------------------------------------------------------------------
/ I Add !rune: 
// Thls method adds an lnltla li zatlon !~nctlon to a code b l ocl<. 
// The I func must be stored as a resource ln the app lic atlon. 
II Pass the name of the Ifu nc r e source to add. 

11----------------------------------------------------------------------
::;sErr TDspC od eBlocl<: :Add I Fune ( St rJl l f~:1cname ) 

OSErr 
".'askHeaderPtr 

t Err; 

th eTasl<; 

// --------------- Get ptc :~ the task -------------­
: heTasl< - (Tasl<HeaderPtrl !~yTasl<->Where() . lo gl cal ; 

/ / --------------- Load t~ e Ifu nctio n --------------
tS rr ... dspLoactlF"unct!.on ( :~eTasK, ~Coo eHeaoer, ~~unc:1 ame, ~a lse ); 
tf (tE rr '.• noErrJ 

d ebug st r ( •Bad dspLoao I run ct ion .. ), · 

!'"et urn t Er r; 

11----------------------------------------------------------------------
/ I AddVFunc: 
I I This method aads a ··vtsible'' fu nc::o~ to a coae block. 

// The Vfunc must be stored as a reso~rce in the appi lc at io n. 
I I Pass th e name of the V!unc resou r ce :o add . 

//----------------------------------------------------------------------
:s£r r 7Ds pCode8loc k::AddVFunc( Strll vr~~c~ame ) 

Address 

Add re s s 

OSErr 
:-askHe ad e r Pt r 

tV f unc; 

tAd dre ss; 
~Er r; 
th eTasi<:; 

/ / --------------- Get pt r :J the t asK ---- ---- -----­

: r.cTask .. (T a s lcHeadcr P':.r) :~yTask->Where ( l . ~oqlca l ; 

/ / --------------- !.oad :~c Vf1Jncti a n --- -----------
: Err - ospLoadVf1.,;nct:ori. ( ·_ ,",cTa :.k. , (' ,· :·..::---.c:~o:1HeaaerHa:--.aleJ &:V func. :oqicai , v : ·..::-. .::-.;:-e , :.1lsc),· 

~! (t£ rr '.• no£ rr) 

debug st r ( " B,1d dspLo aaVfu nct Ion• I; 

/ / ---------------- Inse r t ~~to list ---------------­
: Address • (CodeHeader - >ca_!l rstV Func~ea aer; 
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fCodeHeader->cd firstVFuncHeader • tVfunc; 
((VFunctionHeader•)tVFunc.logical)->vf_nextVFuncHeaaer • tAddress; 

return t Err: 

11----------------------------------------------------------------------
II AddDataBlock: 
// This method either adds a data block (pass the number of the 
// data block and a pointer to it) or a parameter block (pass 
II a pointer to it) to be used by the task. NOTE: The data block 
// must already be allocated. 

11----------------------------------------------------------------------
void 

void 

TDspCodeBlock::AddDataBlock( short whichDBH, TDspDataBlock* whichDB 

fCodeHeader->cd_dbh[whichDBH] - whichDB->WhereHeader(); 
fCodeHeader->cd_numdbh++; 

TDspCodeBlock::AddDataBlock( TDspParamBlock• whichPB 

fCodeHeader->cd_dbh(kDSPParamBlock] - whichPB->Where(); 

11----------------------------------------------------------------------
II ParamBlock: 
// This method returns a pointer to the parameter block for 
II the code block, 

11----------------------------------------------------------------------
? tr TDspCodeB lock::ParamBlock() 

ceturn !CodeHeader->cd_dbh(kDSPParamBlock].loglca l ; 

11----------------------------------------------------------------------
/I Where: 
// Thls method returns a pointer to the code block. 

11----------------------------------------------------------------------
Address TDspCodeBlock::Where() 

I 
Address tAd dress; 

:Address . logl cal • (Ptr) fCodeHeader ; 
d spLoqical2Physlcal (tAddress. loqical, &tAddress.;:~ysical); 

11----------------------------------------------------------------------
II NextC cd eBlock: 
II This method elther returns a pointer to the c.ext code block 
II l~ the list of code blocks ip ass no parametecs) o r sets the 
II t~e next code block (pass a polnte r to the desired coae block). 

11----------------------------------------------------------------------
TCspCodeBlock' TDspCodeBlock::NextCodeBlock() 

vold 

~etu rn f NextCodeBlock; 

:~spCodeBlock: :Next CodeBloc1(TDspCodeBlock • c.ewCBSetl 

1 ~ (newCBSet '.• nil ) 

!Co aeHeader->cd nextCodeHeaaer - ne wCBSet- >~ ~e ~e(); 

else 
~CodeHcader->cd nc xt Cod eHeaoer 1:Nll/\ddress; 

~~:ext Co aeBlock • newCBSct; 

11---------------------------------·-------------------·----------------
I/ ~etT r ~eDS PFResour ce : 
// ~~is metho d lo ads a resource into a block a: ~emery created 
// wi th a NewTrueAddress call and returns a Ptc :o lt. 

\.. 
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//••--------------------------------------------------------------------
Address TDspCodeBlock::GetTr u eDSPFResource( StrJl :esname ) 
( 

Handle tH andle; 
lo ng 1; 

Address t Address ; 
Slze tRe sSl z e; 
StrJl tStrlng; 
Pt r tPtr; 

// ---- - ---------- Get handle to resource - -- --- -------­
pStrC py(tStr ing , resname); 
tHandle - GetNamedResource( 'DSP F' , tString ) ; 

// --------------- Get ptr to resource-------------­
HLock (tHandle); 
tPtr - StripAddress( *tHandle ); 

lf (tHandle ! - nil) 
( 

//- -------------- Copy the resource-------------­
tR esSize - SizeResource( tHandle ); 
tAddress - NewTrueAddress( tResSlze ); 
lf (tAddr e ss. logical :- nil) 

for (l - O; l < :ResSlze; l••) 
(tAd dress. loq:cal) [11 • tPtr[ll ; 

Re lea seResou rce(t Hana l e); 

return tAd dress; 

cetu rn kNllAddres s; 

; ••••• •••••• •••••••••• •• : S P SOU N D CLA SS ••••••••••••••••••••••••••••• / 

II ··---·-···-----------------·-----··•················-·········-•···-·· 
// TDspSoun d Clas s : 
// The TDspSound class ~s es the TDspCodeBlo ct, TDspPRB, and 
// TDspTas k cl asses to cre ate somethl ng that actu al ly ru ns 
// o n the DSP. 
II•·•••••••- ••-•••--------•-••-••--•••••••• ••-- •••••••••--•-••--•-----•-

l pragma segme nt DspSound 
/I • • •-•••-••··•••·••••••••••••••• ••• •••·· • •••••••••••••••••••••·•••••-•• 

II "."DspSound: 
/ / Thls ls t~ e const r~ c:~r !or th e 7Ds pSou~a class . Pass the ~ame 
II o f the DS? code resc ~ rce to lo aa . 
II• ••·••••••••• ••••••••••••••••••••••• • • ••••··•·••••••• • -•••- ••••••--- -• 
T:spSoun a :: TDspSound(StrJl - ~ :c~Alq) 

:~spCodeBlock • :C B; 

/ / ----------- Cre ate a ~ew parameter block ------------­
:soundPa rams - ne w TDsp ?a ramBlock ( si zeof (Para::- .eters)); 

/ / --------- Cre ate a new part i al result buf!er --------­
:?R B - ne w TOspPR B(dspS yste!TIMonoPor:l ; 
:P RB- >Name( "\pSyste m Mo~o PRB"); 

/ / ---------------- - - Cr eated ne w tus( ---- ------------­
~~ask - ne w T~s pTaslc(); 

; :-ask - >N.-1mc ('" \ pSynth So •.;:-:c t.aslc"); 

!/--------------- Create a ne w co de clock --------- - ---­
~C B - new TDspCodeBlocl( ( ~:'ask) ; 

! [ (tCB->AddVF u nc ( whlcc-~ l g I ! • noE<< ) 

De buq St r ( " \ pCould:-:': add code b'.oc k,"); 
re turn; 

! / --------- i.c ad the ~~:: ~a ll zat1 on ~~ net. io n--- --------

'.I (LCU- >Aaalf u nc( " \p l: c :-:c· 1 :- noE,rJ 

DcbugStr (" \ pCould:-:': a ad Uunc,"); 

return; 
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// ------- Add t he parameter bloc k and th e PRB --- - ------­
t CB->AddDat a Block( f SoundParams I; 

) ; 

tC B- >AddDataB l ock( O, f PRB J ; 

/ /---------------- Insta l l the code block--------------­
fTask->InstallCodeBlock ( tCB ); 

/ /--------------- Finally, i nstall the task-------------
i f (gSoundAppli cation-> fDsp-> I nstal 1 Task ( InterruptP rocessID, fTask, dspSysternMonoP o rt, In sert P.ead ID ) ! - noEr r ) 
I 

DebugStr ("\pCouldn't Install Task ." ); 
return; 

11----------------------------------------------------------------------
// -TDspSound: 
// This ls the destructor for the TDspSound class. It removes 
/ / the task from the DSP and frees the memory used by lt. 

11----------------------------------------------------------------------
TDs pSound::-T DspSound() 
I 

l f (gSoundAppllcatlon- >f Dsp- >RemoveTask (InterruptPr ocessID, [Task) ! - no Err) 
debugstr("Couldn't Remove Task " ); 

); 

d el e te fTas k; 

i f (fP RB !- ni l) 
de let e fP RB; 

~f (fSounoPa rams !- nil ) 

del et e fSo undParam s; 

/• •• ••• •• • • • •• • • • ••• • ••• VO : C E MA N A G£ R CL AS S •••• •• ••••••••••••••••••• • •• / 

11----------------------------------------------------------------------
// TVolc eManager Class : 
// The TVol c eMana ge r c l a s s : s used by th e a ppl ica t i on t o in stall 
II a number (kMaxVolc es) of voices o nt o t he DSP . Once th ese voic e s 
// a re inst a lle d, th e a pp l: catlon ca n pl ay a vo ice by c a ll ing th e 
/ / PlayVolc e me th o d. 

11----------------------------------------------------------------------
11-----------·----------------------------------·· ·----·--·-------------
// 7Vol ce Manaq e r : 
// This ls the co ns t r uct o ~ ~or th e TVolce Manaqer cl a s s. It jus t 
// l n l t:a l lz es all the vo:ces to be ~ il. 

// •---------------------------------------------------------------------
TVo lce Manaq e r: :TVo l ce Manaqe r () 
{ 

) ; 

~ nt i; 

fo r (1• 0 ; l <kMaxVo lces ; '. · • I 
(Volces[l) • nil ; 

//••--------------------------------------------------------------------
// - TVolce ~anaqe r: 
// Th i s is t he destr uc t o :- :· ::;r t he 7Vo i c c Manaq c r c l a s s. I t d elete s 

II any a llo cated (play l , .:;I ·.-olc es . 

//•---------------------------------------------------------------------
7Voic cManaqer:: -T VolccManag e : (l 

) ; 

in t l ; 

[o r ( i mQ; 1< KMa x Vo1 ce s ; 

ae lc t e fVo i cc sf ~: ; 
'.Volc es ( l l - nl: ; 

II ~ ~~s v o i ce ~s pl ay1nq 

// :e!et e It (a ut omati c al l y s to ps I t) 

Page 14 
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11----------------------------------------------------------------------
II InstallVoices: 
II This metho d allows the application to install a number (kMaxVoices) 
II of voices of the desired algorithm onto the DSP. Pass the name 
II of the DSP code resource that you wish to load. 

11----------------------------------------------------------------------
OSErr TVoiceManager::InstallVoices(StrJl whichAlg) 

); 

int i; 

for (i-0; i<kMaxVoices; i++) 

if (fVoices(il ! - nil) 
( 

delete fVoices(il; 

// This voice is playing 

// Remove the old voice (even if playing!) 

fVoices(il - new TDspSound (whichAlg); 
fVoices(iJ->fPlaying - false; 

// Install new voice 

return no£rr; 

lpragma segment Main 

11----------------------------------------------------------------------
I I Pla yVoice: 
/ / This method forces the DSP to start playing a voice of the 
II cu rrently Installed algor i thm. ? ass the parameters that should 
II be used to play the voice . 

11----------------------------------------------------------------------
VOld TVoiceHanaqer:: PlayVolce (Parameters theParams) 

int 1, j ; 

3oolean done; 

? arameters• tempPt~; 

1-0; 
done-false; 
while (!done) 

if (!fVoicesl i J- >fPlaylng) 
( 

II ------- :nlt:allze the pa ra::-.olock 
temp Ptr - , ?ararr.eters •) (fVo'.ces ' i J- >fSoundParams->Where (). l ogical) ; 
for (j•0; '.<6 4; '. ••) 

te mpPtr- >pa ram ( JI • the?a ra::-.s.param l JI ; 

tem pPtr- >f:ag s • :hePa rams. ::aqs; 

I I ------- Star: :~e tasK =~ :~e DSP 
gsoundApp l '.catlon->fDsp->Res~:::eTask (!Voices 11 J->f Task , kNow); 

done-t r ue : 
~Volcesll J- >[Playlnq • tr~e; 

l•ld; 
l f (I >- kMaxVolces- ; I none•tr ·ce ; // No avai lable voices 

11----------------------------------------------------------------------
/ / CheckVolccs: 
// Th is ~ethod ~s c al i co at !dle : : ~e cy the appllcat i~ n :o see 

if :here are a~y ··st ~aqq l ~~q·· ···= : c es :ha t are fln1snea 
// executinq on ::-:e OS?. :: · .. dll s :...s;:::e:-:a the task 1.!" ~: ~s 

// finishe d and ~;aatc : :s !? l ay1~~ ::Jc. 
/ /- -•-•• •••••••••••••• • ••••••••• •• • •• ••••••• •••••c• • ••••••••••••••-•••• • 

TVolcc Manaqc r: : : hcc~ Vo l c cs() 

! nt I; 

:o r ( 1•0; l<k MaxVocces ; '. .. ) 

lf (fVolcesll j - >[Play l nql I : ~Is voice Is p;aylnq 

Page 15 
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I I Check to see if there are more samples to output 
if ( ( (Parameters•) (fVoices(iJ->fSoundParams->Where () ,logica l) )- >para m(kNumSamplesindexJ <· 0.0) 

gsoundApplication->fDsp->SuspendTask(fVolces[lJ->fTask, kNow); 
fVoices[lJ->fPlaylng - false; 

11----------------------------------------------------------------------
I I Get Samples: 
// This method is called by the application to return~ block 
II of samples (240). These are used to draw a visual representation 
II of the sound. While the host ls drawing the samples, the DSP 
// ls busy calculating the next block. 

11----------------------------------------------------------------------
vold TVoiceManager::GetSamples(SampleBlock• theSamples) 

int i; 
Parameters• tempPtr; 

tempPt r - (Parameters•) ( fVo l ces ( 0 J - > f SoundPa rams->Where () . log lea l) ; 

// -------------- Copy the 2 40 samples ---------­
fo r (l- 0 ; 1<kBlockS1 ze; 1+•1 

theSamp les->sample( 11 • tcmpPtr->param[ l+kReturnValuesJ; 

/! --------- Turn on the host ready tlaq -- ------­
tem pPtr->tlaqs I- kHos t Ready; 

II If not, suspend the task_ 
II and update the fPlaylng flag 

; ••••••••••••••••••••••• AN ALYS I S CLAS S •••••••••••••••••••••••••••• ; 

11----------------------------------------------------------------------
II TAnalysisTask Class: 
// The TAnalyslsTask class Is used by the application to perform 
// an ffT analysis on a generated sound. 

11----------------------------------------------------------------------
11----------------------------------------------------------------------
/I TAnalyslsTask : 
1 , :-~is : s the construc to r ~o r th e TA.naiysisTasJC c! ass. !t sets 
// up a i l the DSP cod e to perform t he ffT analysis. ?ass the name 
: ' o f :~e coct e resource which generates the sound aata t o ana l yze . 

:c w: i l create a DSP t ask : o ao the data generatio n and a DSP 
/ / : as~ c o do the ffT analysis. 
I =•- -••- •• -•-••-----•--••••-•--•••• - -••-••••-•-••-•-•••-•-•-•--•-----•• 
: .;n a l ys l s Ta s~:: TAna l ysl sTask ( St r 3 l ·•h lchA l g) 

TDspCode3lock ' tA nalysl sC3 ; 
TDspCode3lock ' tGe nerate CS; 

// --------- Create the parameter bl ock --------­
f Soun dDa t a • new TDspPara mB1ock l s1 zeo(( Paramcters)); 

// --------- Create the data qcn erat1nq task --------­
tGenerateTask - ne w TDs pTas K(); 
f Ger.erateTask->Name (•\pSynth Gene rate task "); 

// --------- Create the ffT analys1s : ask --------­
t Analyze:ask • new TDspTask (); 
fAn a lyzeras k->Name(• \pS yn th Ana l y s1s task "); 

// --------- Cre a te co de b loc k ~or analysis tas~ 
tA na l y s'. s CB • new TDspCodeB lock ([Ana lyzeT a sk ); 

// --------- I nstall : he analysis V[ ur.c ---------
[[ (: Ana l ys1 sCB- >AdaVf unc( " \p Ana lysis " I !• no~ ::) 

deb~ostr ("Couldn't aad ana l ys1s co de block."); 

// --------- In stall th e analysis Ifunc - --------

Page 16 
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J ; 

'' (tAnalysisCB->AddIFunc ("\pifunc") ! • noErrl 

debugstr ("Couldn 't add analysis Ifunc. "I; 

return; 

// --------- Add the buffer d ata block--------­
tAnalysisC3 - >AddDataBlock( fSoundData ) ; 

// --------- Create the generating code block--------­
tGenerateCB - new TDspCodeBlock(fGenerateTask); 

//- -------- Install the generating Vfunc --------­
if (tGenerateCB->AddVFunc ( whichAlg ) ! • no Err) 

l 
debugstr ("Couldn't add generate code block."); 
return; 

// --------- Install the generating Ifunc --------­
if (tGenerateCB->AddIFunc (•\pi func•) ! • noErr) 

I 
debugstr ("Couldn't add generate Ifunc."); 
returr.; 

// --- --- --- Add the parameter block for generate task-------- ­
tGenerateC3-> AddDataBlock ( fSo undData ) ; 

/ /-- ------- Insta ll both code blocks----- ---­
f AnalyzeTask->lnstaliC odeBlock ( tA naly slsC8 I; 
f Genera teTasK->lnstal lCodeBlock ( tGc nerat eC8 I; 

/ /- -------- In stall the Anaiysls tas k ---------
l f (gSoundApplication->fDsp->lnstailTask( l r.te rrupt P rocess!D, [ Analyze Task, dspSyste::'MonoPort, l r.sertHea a !DI ! " noErr! 

DebugS:r (" \pCou ldn't '.nstail Analysis Task . "); 

return; 

/ / --------- In stall the Generate task ---------
i f (gSound..A.pplication->fDsp-> InstallTaslc(Inte rr up tProcessID, fGenerateTask, dspSy s temMonoPort , I nsert7a:!ID) ! ao noEr r J 

I 
Debug s:r l"\pCouldn't Instal l Generate :-ask."); 
rec urr.; 

!/ --------- Turnoff host reaay f l ag-- ---- ---
( (Parameters•) (fSounaData->,ihere() .logica:i ) - > fl ags &• -<HostReady; 

//==••······· -·-·---······-- ··-·----···--·•==••··--···- ········-·······-
II - :-Analysis7ask: 
// T~is ~s the destruct.or :e r t~e TAnalys i sTasic class. ::. removes 
// the ge~erat!nq and an a l ysis tasks f rom the DSP. I t also frees 
/ / toe ~e~o ry use d by tne t asks . 

11-----·--····················· ··· ········ ······ ························ 
7Ana l ysisTask : :- TAnalyslsTasK (I 

/ / -------- - Remove the tas(s ---------
~ ! (gSouncAppl 1 cat 1 on - > t Dsp - > KemoveTa sk (I:. : c r r1.;pt Precess ID , ~Ge nera t e7 a S.() ! • '.". CE. r r} 

CebuqS:r( "\ pCouldn't Re~ove Task") ; 
: r (gSounaAppl i ca ti on-> fDsp-> Remove Task I I c: e r rcpt Process ID , [ Ana I yzeT ask I 

J ebugs:c(" \ pCouldn ' : ~emove Task"!; 

! / -- ------- ~ree t ~ c tas.(s --- -- --- ­
Jelete f Gc~erateTask; 

~ elete !A~a:yze T ~sk; 

,· / - -------- F ree t he p~ra metar c l oc k --------­
([S o unc : ata : - nlll 

delete ~SounaData; 
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/!•--·-----·------------------------------------------------------------// Stan: 
II This method activates both the generating and the analysis 
// tasks on the DSP. 

11----------------------------------------------------------------------
void 

); 

TAnalysisTask::start() 

//--- ------ Se t the host ready flag---------
( (Parameters•) (fSoundData- >Where() .logical))->flags 1- kHos tReady; 

// --------- Start both tasks --------­
gSoundApplicatio n->fDsp->R esumeTask(fGenerateTask, kNow); 
gS oundApplication->fD sp->Resum eTask(fAnalyze Task, kNow); 

11----------------------------------------------------------------------
/I Stop: 
// Th is method deactivates both the generating and the analysis 
// tasks on the DSP . 

11----------------------------------------------------------------------
void TAnalysisTa sk::St op() 

!!-- ------- Cle ar the host ready flag ---------
( (Parameters•) (fSounaData->Where(). logical) )->flags ,- -kHostReady; 

J; 

11---------------·······--·-·············-························--···· 
/ / SetHostReady: 
// This method sets t c.e ~ost ready f lag so the DSP will e xecute 
// t he generate and ac.a l ysls tasks. 7 he DSP will c lear the flag 
// when i t flnslshes exec~tlng the tasks. 

//••····-···-·-··-··········-··-·-··--····-··--- ····-·············-·-·-· 
void :AnalysisTask::Set ~ost~eady() 

/ /- -------- Set the host :eady flag ---------
( (Parameters•) (fSoundData- >Where(). logical) ) - >flags I • kHostReady; 

) ; 

//• •••••••••••••••·••••••--••-•-•••••••••••••-••• • • • - • ••••-••••••••••-•• 

I I Set Pa rams : 
// 7hls method sets ~ ? :~e parameter block for th e generate task. 

// :hese parameters w::: =e used by th e DSP algorit hm when lt 
// genera t es the so u r.a ca:a. 

//••--·-··---·······-··-···- ·-······ ··· ·· -·· ·••:••···· ················ -· 
vel d 

) ; 

7AnalysisTask: : Se t ?a =a~s CParameters t ~eParams) 

Para~e t ers• t empPtr; 
i nt count; 

/ / - -------- Set the pa= a ~e:ers ---------

t empP t r • (Parameters• ) ( ~S ::....:na Data - >Where q . l oqical); 
f or ( cou nt•O; count<lcN i;:-:-.?ara:ns ; count++) 

:empPtr->param{co t::--.:; - :h eParams. param [c o unt J; 

t emp Ptr- > flags • t hePac a c-.s. :l ags; 

// ••··--------·---·---·------··--- ------·-·· ·------------·------·-··-··-
II Se t l ;.dex: 
// : hl s method se ts :~e :~~ ex t hat ~s ~ sed by th e a na l ysis a l qor lt~ ~ 
II a s a pointer t o :;. e c ~~~ent ana l ys i s ~cc ord. 

//••-------------------------------··-----------------------------·-----
void -:-Ana l ys i s Task: : Se t. : ;.::ex (f l oa t nc w ln ctcx) 

( (P ar a:-ne tc rs"') ((S o ur. a Sa : a - > -....-~ erc() . i c q i ca i ) ) - >p ara m ( \cinct ex l - new inc ex; 

); 

11---·-------·---··--·---------------·-------------------·--------·-·---
I I Ad j ·cst lo dex: 
// :~ls method adjusts :~ e In dex t~at l s u sed by t ~e analysis 

// a l gorit hm by t he c :: se : :h at l s p assed . 

'-
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11----------------------------------------------------------------------
voi d TAnalysisTask: :Adj ustindex(float off set) 

( (Parameters•) (fSoundData->Where() .logical) )->param[kindexJ •- offset; 
J; 

11----------------------------------------------------------------------
I/ Adjustindex: 
// This method returns the current i~dex that is used by the analysis 
// algorithm. 

11----------------------------------------------------------------------
float TAnalysisTask::Getindex() 

return ( (Parameters•) (fSoundData->Where () .logical) )->param[kindexJ; 
); 

11----------------------------------------------------------------------
// Get Data: 
// This method returns the current ffT record from the analysis 
// task. 

11----------------------------------------------------------------------
void 

! ; 

TAnalysi sTask::Ge tData (fFTData• samples) 

?arameters• tempPtr; 
t nt 1; 

, empPtr - (Parameters') (f SounoD ata->,.. here () . loq lcal); 

fo r (l•O; l<i<ffTRecordSlze; 1-+ I 
s amples->samplc {i l - :cm pPtr- >param{l•kReturnVal ue sJ; 
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II••• • • ••••••------------••• •- •---•••--•-•••••••-••••••--•-•-•---••••••---------• 

II 
I I :-JAME 

II TAna l ysis.cp 
II 
II SYNOPSIS 
II This file implements the classes which support doing FFT frequency 
II analysis. 
II 
II Author Jeff Boone, Oregon State University 
II 
II 
II HISTORY 
II 

l/••-··· ···-- --·-------·---·-------·---··-····-·-····-------------------·-------
llfinclude "TDsp.h" 
I include •usound.h" 
I i nclude <Packages.h> 

II ••••••••••••• AN ALYS IS VIEW CLASS ••••••••••••••• 

/l ••············-·--··-·--·----·----·---··-·---·-·-------·--------------II AnalysisVlew class: 
II This c l ass ls used to implement the display of the FFT 
II re cor ds for the user. 
II·• ··••••••••••••-••••••••••••••••••••••• • ••••••••••••••••••••••••••••• 

II· ··••·••••••••••••••••••••••••••••••••••···••··••••••••••••••••••••••• 

I I Graw: 
II Th is met hod Ju st draw s a box arouno th e display. 
II·• •••••••••·••·••••·•·•••·•·••••••••••• • •••••••••••••••••••••••••••••• 

pascal ·101d : An aly si sVl e w: : Draw(Rect •,1rca) 

l! (thls - >Focus ()) 

th is-> GetQDEx tent ( a rea ) ; 
frameRect ( area ) ; 

II ge t t he rect of the view 
II Put a box around tr.e whole 9 yards 

II··•• ·•••••••••••••••••••••••••••••••••••··•••••••••••••••••••••••••••• 

II Set Vl ewf l ag: 
// This ~e thod turns en the vie w flaq. This fla g deter mi~ es whether 
II o r r.ot th e FFT disp l ay screen gets opdated . 
II==••• ••••• •• •••••• ••••• ••• ••• ••••••• • ••• •· ·•••••••••••••• •• •••••• • •••• 

pasca l voi d :AnalysisVlew: : Set V!ewF la q () 

! 
~Sho wData - t rue; 

II==•••••• ••••• · ••••••••••••••••·••••••••••••-•••••••••••••••••••••••••• 

II ::e arVlew fl ag; 
II :his metho d tu r ns c tt c~e v ie w flag . :h is flag deter.c ir.es whether 
II o r r.ot the FFT disp:ay sc r een gets updated . 
I I ==••• •••••••• • ••••••• · •••••• • ••••• ••• • • ••••· • ••••• •• •••••••••••••••••• 

~as c,J1 ·;oia ':"AnalysisView: : C:e arV1cwFlaq(} 

'. '.:i;'.owOJtJ. = ~alse; 

,·1----------------------------------------------------------------------
I! ~o! dlc: 
// All ?? T dra wing qcts aor.e a t ! dle :~me as ou r appl:cat:o~ r~ns . 

II :'his ::-:etho d c!;ecks ::--.c (Sho wDat a :~a q to se e if ~: :-:eeas to ;..:;)da te 

// :h e,!'"." d l s play ; t '. c.e ccssary It c.andles qett!nq :ce ,,"." 
// ~ccorj from the DSP a~a alsplaylnq tne record en s= ree n . 
II•• •- ·• · · - ·· ·· •• • ···• • •••······ • · • •••• ••· •• ··••·•····••••••••··•• •• • • ·• 

~asc.L :ioo1c an :'A r.alysi sVlc w: ::'o!ctlc(Id l cPh.ise pnase l 

..:-:;nst : :cat. 

·.-.st cpF~:-.:::c x ~ 

i<StcpB! r.ac x -

icfastfI:-:aex .., 

kRewlndex 

qdRect; 

- l? B.:; 

-3B4 . c; 
25 6 . C; 
- 76 B. C; 

// Consta:-: : s adJ~stinq the ~;'.dex 

Pagel 
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,,TData 

t.:o a t 
5tr2 55 

i; 
•s amp l e s ; 
in d e x, ;:,erc e nt ; 
ti meS t r ; 

Project:Project:T Analysis.cp 

II The FFT record [ram cse 

sam p l es - (FFTData•) (Ne w?tr (si z eof (F FTDat a ))); II Cc eate room for the FFT reco r d 

i ! (t hi s -> Fo cus () l 

if (f ShowData) 

I 

II We need a n upd a t e 

Page 2 

s wit ch (gSoun dAppl1c at1on- > fAnalys1s- > fMode) 

I 

II F i gure o u t wh i c h mod e we're ln (play , step , etc) 

11--------- ----- Step For ward - ------- - ----­
case St epF: 

g SoundA ppl icatio n - >f Ana ly si s - > fAnalysis Task- >Ad ju s tin dex(k StepFindex); 
brea k; 

11-------------- Step Ba c kward----------- -- ­
c ase St e pB: 
( 

g Soun dAp p lic at io n-> fA na ly si s - >f Ana l ysi sTas k - >Ad jus t i ndex( kSte p Bin dex ) ; 

b reak; 

11-------------- Fas t Fo r wa rd - ----------- - ­
case FF: 

qSounaA~pl:cation - >fAnalysis - >fAnalysisTask - >AdJ~st~~dex(kfastFir.dex); 
b r eak; 

11-------------- Rewind -------- -- - - --
c a se Rew: 

gS o undApp'.'.c at io n- >fAn a lys l s - >fAnalyslsT a sk->A d just:~de x( kRewindex) ; 
b rea k; 

11-------------- ~pd ate the t!me d i sp l a y--------------
inde x - gSounaA~p ::c atio n->fAnalysis - >fA nal y sisT a sk - >GetI~aex(); 
NumToString(lor.;(:~~ex ), ti~eStrl; 
fTim e- >Focus() ; 

f':'ime - >S e tTe x t {: :::-.eStr, tru e ); 

I 1- ---- - -------- ·; pdate the percent display -- --------- -- -
perce nt - ( lr.oex ! 25000 ) '. :o ; // Ir.aex I num samples • !00 
spr!~ t f( (char "':'.:c e Str , "\3 . lf\\ " , percent); 
:'.:r.eSt r (0J • : ; 
f?e rc e nt - >Foct,;s { l ; 

f?e rce n t - >Set:'ext (: :;';!eStr, true) ; 

t hls - >Focus (I ; 

// -------------- ~et current ~FT data- ------------­
gSound.Applicat:~~ - >~Ana l ys1s->fAnalys1sTask - >GetD ata (sa~p l es ); 

11----------- --- :et ose do anothe r record -- - ----- - ----­
qSour.dAppllcat:=~ - >'.Analysls->fAnalyslsTask - >SetHostReaoy(); 

// - --- - --------- :! we're stepplnq , stop DS? --------------

/ / Get current FFT d~ t a 

/ / Let ~S? do ~rlOLhnr ~·~·r 

, , ((gSound/\pp _ ::a::on - >f/lnalys1s - >rMode •· StepF) II (qSo~c .=Appll2at:o:1 - >[/lnalysis->f~ode -· StepB)) 

qSounoApp c : :a:: =:1- > f/lna lysl s - >fAna lyslsTas, - >Stop (); 

:showOata • ~a:se; 

11-------------- c ease tne o:s play - - -- - - -------­
::.~!s - >GetCDExte- .: : ;~dRect) ; 

=::raseRect (&qdRe=::; 

i"cam eRect (&qdRe2::; // P~ : a box around t~e wnol~ 9 ya ~=s 

11-------------- : caw the ff ~ data- --- ---------­
:oc 11-0 ; '.<:~:; : ·-) 

~oveTo ([ • :, 

Lin ero (i • 2, 
s~:,rt) thls - >fSize.v) ; 

;:-art) (th'.s - >f Size.v - ( (sho rt ) (samples - >sa:- .ple[l l l /,0 l l l; 
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1 ! ( ( lnaex >- 24960) I I ( l ncex < 0 )) 
gSou ndAppll c at lon - >! Anal y sls->Restart (); 

// End ot the so u nd 

// -------------- Free the FFT data ~emery-------------­
Dl spcsPtr (c'tr (samples)); 
return (lnher i ted : :Doidle(phase)); 

11----------------------------------------------------------------------
II ;l.estart: 
// This method ls called whenever the FFT analysis needs to be 
// started over. 

11----------------------------------------------------------------------pasc al void TAnalyslsView::Restart( ) 

I 
gSoundAppllcatlon->fAnalysls->tAnalyslsTask->Stop(); 
gs oundApp llca tlon->tAnalysls->tAnalyslsTask- >Se tindex( 0.0 ); 

/ / Stop the :ask if it's running 
// Start !re~ beginning 

' 

l t ( tTlme->Focus ()); 
fT ime- >Set Tex t(" \pO •,t rue ); 

// Update t~e sample index display 

. ! (tPe rc ec.t - >Focus()); 
fPer c ec.t - >Se t Te xt (" \pO \", true ); 

// Update t~e pe r cent display 

~Sho wData - false: // Don't upcate the display 

II ••••••••• •• ••••• AN A LYS I S 3 UTT ON CL A SS ••••••••••••••••••••• 

//c-------------------------------------------------••-------------•-••-
// AnalysisBu~ton class : 
// Thi s c ~ass i s used to ~;;:plement :he play, rew ind, fas t forw ard, 
II etc. t~ttons th at a re us ed to ~a'llgate th r ough the FFT 
// a nalysis of a sou nd. 

!/·•--------------------------------·-----------------------------------
l p r aqma seqmen~ ASelComma nd 

//••--------------------------------------------------------------------
// :oM ouseC o ~~and: 
// :h is ~etncd han dl es wnen the use~ cl icks on any ot the analysis 
// butto c.s . 

// ••--------------------------------------------------------------------
pascal TCommar.o • ':AnalysisButt c:--:: : GoM0 1.:seCommand( Poin t • thcMous e, 2ventln fo • i ~ fo, 

7Analysls3~:ton• te mpButtcn; 

'. ! (!thls - >fHlllte ) 
th l s - >;; il'.te(); 

~hile (~'a'.: ~ouseUp ()) 

s witch (t!"::s - >t!dentif 1erl 

Point • hyster esis) 

II '.! this butto n Isn't highlighted_ 
// ;;:light the button 
II ·,,-a1t fo r user to let up the mouse 

I I : ~qure out which but t on was pressed 

11------------------------------------------------------------------
11- - ;s er clic ked the pla y bu::on 

11------------------------------------------------------------------
case · ;::,:ay ' : II ~s er clicke d the play butto n 

' ' (!t his - > fHlli tel ,/ =~ we aren't already playlnq 

// -------------- Start =: ay l ng the ffT anal ysis--------------­
qSoun dAppl tc a t:cn ->fG c~e~ato r- >Gene ratcAn alysis (); 
qsound /\pp l l c.1t, ~~- > r Ana: -,, s ls-> r Anal ys i sTa sk - >St art(); 
qSoundAp p llcat:on->fAna.ysls - >fAnalyslsV!ew - >SetV!ewF!ag( ); 
qSo~n rlAppll c:at:: ~ - >rA~a-~·sis - >f Modc • P! ay; 

11------------------------------------------------------------------
!I•- ;s er click ed the st op be::~~ 

~e neratc the so ur1d ca:a 
s: art the FF~ ~ nalys: ~ tas K 

~ell t~e view to upaa~c 
.1 ?~t us in p i ay moae 

Page 3 



2(27/91 12:08 AM Project:Project:T Analysis.cp Page 4 

r 
case 'stop': 

//-- ------------ Stop playing the FFT analysis--------------­
gSoundApplication->fAnalysis->fAnalysisTask->Stop(); 
gSoundApplication->fAnalysis->fAnalysisView->ClearViewFlag(); 
this->Hil ite (); 

II Stop the FFT analysis task 
II Tell the vie'-' to stop updating 
II UnHilight stop button 

switch (gSoundApplication->fAnalysis->fMode) 
{ 

II Figure out which mode we were 

case Play: 
I tempButton • (TAnalysisButton•)this->fSuperView->FindSubView('play'); 

temp Button- >Focus() ; 
tempButton->Hilite(); 
break; 

case Rew: 
tempButton • (TAnalysisButton•)this->fSuperView->FindSubVlew('rew '); 
temp Button->Focus(); 

// Find play button 
// Set the focus rect 
// UnHllight play button 

// Find rewind button 
// Set the focus rect 

in 

tempButton->Hilite(); // UnHilight rewind button 
break; 

case FF: 
tempButton • (TAnalysisButton•)this->fSuperView->FindSubView('ffwd'); 
tempButton - >focus(); 

// Find fast forward button 
// Se t the focus re c t 

tempButton->Hlllte(); 
break:; 

i 
gSou ndAppllcat lon ->tAna lysls ->!Mode - Stop; 
breaK.; 

11------------------------------------------------------------------
11-- J ser clicked the rewind button 

11------------------------------------------------------------------
case 'reW" • : // Rewind 

gSoundApplication - >fGenerator->GenerateAnalysls(); 
gSoundApplicat'.on->!Analysls->!AnalyslsTask->Start(); 
gSoundApplicat'.on - >fAnalysls - >fAnalyslsView->SetVlewFlag(); 
gSoundApplicat!on->fAnaiysls->!Mode - Rew; 
break; 

11------------------------------------------------------------------
11 -- ~ser clicked the step oackward bu tton 

11------------------------------------------------------------------
case 's tbk •: // Step back 

qSoundAp p l !cat !.o n-> fGenerator - >GenerateAna 1 ys is (); 

gSound App l 1 cat: c:n-> (Anal ys ls-> f Ana i ys lsTask-> St art I); 
gSoundApplicatlon - >!An alysis->!Ana lysl sView->SetViewFlag(); 
thls->Hlllte I) ; 
gSoundAppllcat'.on - >[Analysls ->fMode - StepB ; 
break; 

11------------------------------------------------------------------
// a• ~se r clicKea the step for ward bc:~on 

11------------------------------------------------------------··--·-
c ase 'stfw': // Step !orwar:::l 

q SoundAppl i ca:: :::m-> f Genera t or - >Ge r.e ra t eAna l ys 1 s () ; 

gSou ndAppl l cat: on -> !Ana i y s ls - > f Ana; ys l sTa sk-> St a rt () ; 

qSoundAppllcac:on - >( Ana lysl s->(Ana.ys1sVlew- >SetVlewFlaq(); 
t~ls - >Hlllte(); 
qSou ndAppllcat '.on - >f Ana iysls - >fMoae • StcpF ; 
breaK ; 

//•-----------------------------------------------------------------
/ ! =-- ·~se r cl lc,<ea :!":e tast ::::irw.-1.rd :::.:::.on 

11------------------------------------------------------------------
c ase ·~twd': // fast f::irwara 

g SoundApp 11 cat io n-> !Genera t or - >Ge nera teAna I ys Is I) ; 

gSou ndAppl i cat! on - > [Ana I ys ls -> f Ana l ysis Task-> Start (); 

/ / UnHl l lqht fast :orwa rd b ·ctton 

// Llpdate the ~ode 

II Generate t~e sound samp l es 
// Start the ,,T analysts task 
// Tel l the vlew to update 
/ / Update the ~ooe 

/ / Generate t~e sou~d samp1es 
// s:ar: th e FFT analysis ~~s,< 
/ / Tell t~e v i ew to update 
// UnH1:!ght step back b~:c o n 
! / Update the ~ooe 

/ / Generate t~e soun d sa ~p ,cs 
/ / St art the ,~ 7 analy5is :~5 • 
/ / Tel l :he v~cw to upd a te 
// ~ nH~:!qht s:e p for waro ~:...:tLc ~i 

, / ~ paa:e the :-ot1e 

I f Generate t~e s ound sa~p:es 
/ / Start the F:T analysis tos~ 
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gSoundApplication->fAnalysis->fAnalysisView->SetViewflag(); 
gSoundAppiication->fAnalysis->fMode - FF; 
break.; 

return (inherited: :DoMouseCommand (theMouse, info, hysteresis) ); 

II ••••••••••••••••••• AN ALYS I S CLASS ••••••••••••••••••••• 

/!••--------------------------------------------------------------------// Analysis class: 
// This is the main class for doing FFT analysis of the sound 
// data. It handles maintaining the curre nt synthesis method 
II for analysis and the analysis window. 

11----------------------------------------------------------------------

11----------------------------------------------------------------------
/! !Analysis: 
// This method is used to initialize the analysis object and should 
// be called immediately after instantiating an analysis object. 
// It creates the window that will display the FFT analysis. 

//----------------------------------------------------------------------
pascal void TAnalysis::!Analysis() 
( 

// ------------------ I nitialize the FFT view------- ---- -------­
'.AnalysisVlew - (TAnalysl sView•) (fWinaow- >F'.naS ubVlew ('view')); 
[ AnalyslsVlew->[ldlefreq - O; 
fAnalys lsVlew->ClearVlewFlaq(); 
fAnalyslsVlew - >!Time - (7StatlcText') fWlndow->FlndSubVlew( ' t lme'); 
f Anal ys ls VI ew-> f Percent - ( TS tat I cText •) f W I ndow-> FI r.a SubV I ew (•pent' ) ; 

11------------------ Ini tialize the butt o ns------ ---- --------­
f PlayButtor. - (TAnaly slsi3utton•) (fWlndow->FlndSubVlew ('p l ay')); 
fStopButton - (TAnalyslsButton•) (fWindow- >FlndSubVlew('stop'I I; 
[ RewButton - (TAnalysisButton•) (fWindow ->Fl ndSubVlew( ' r ew ')); 
ff"FButton - (7AnalyslsButton•) (fWlndow->FlndSubVlew (' ffwd')); 
fSt epFButton - (TAnalys lsButtor.•) (fWindow->FlndSubView( ' stfw')); 
~ St epBBut ten - (TAnal ys I sButt on• I ( fWl ndow-> Fi ndSubV I ew ( 'stbl<' ) I ; 

11-------------------- Set the tasl< to nil ------------------­
~Analysis:as( • nil; 

//•---•--------------------------•------•-•c----------------------------
/ 1 - TAna ly sls: 
// ':'his !.s t~.e destr'Jc:.or fo r th e Anaiysis class. :: ·w:11 delete 
// :h e OS? :aslc 1! ~t e x i sts. 

ll••••••--------------------••-•----------•c•-------------------•-------11 -:"Analysis: :-TAr.alysis() 
pascal voi d TAna l ysis::Free() 
( 

i f (fAna ly s i s:aslc !• n:.:) 

de lete f A~alysisTas~; 
'.Ana lysi s7asl< - ni l ; 

II Trash the ta sl< 

11----------------------------------------------------------------------
/I Se tAlq: 
/ / ':'his :-:-et~.ca ts use a specify wh ich sy nthesis a i c;c :-::~-~ to 
// :a ad ~ ~e ~ co inq t~e a~a l ysis. 

//•---------------------------------------------------------------------
p.1s c .1 1 vo1 a :'Ar: a ... ysis: : SetA~ q (StrJl 'Hni ch Alq) 

I / ---------- - : ! we c1 l reaay have a t as k , delete 1 t ---------- --­

~ ! (fAn .1ly!;!s:c1s K !- :"'. l~l 

de let e ~A~alysis Ta s <; 
: Ana l'jSls :'ask "' ni ! ; 

II Tell th e view to update 
II Update th e mode 

II Allow Idl e processing 

/ / ----------- Create a ~e w ta sl< with th e sp ecified a: ccr ! :hm -------------

Page 5 



\ 

2/2 7 /91 12:08 AM 

fAnalysisTask - new TAna:ysisTa sk(wh ichAlg); 
fAnalysisTask -> SetindexCJ.O); 

Project:Project:T Analysis.cp 

11----------------------------------------------------------------------// OpenWlndow: 

// This method opens t~e analysis window. It ls called whenever 
// the user chooses "Ana;ysis " from the window menu. 

11------------------------- ·-----------------------------------------pascal void TAnalysis::OpenW1ndow() 
{ 

if (! (this->CWindow->IsS h own ())) 
th is->fWindow- >Open(); 

thi s->fWindow->Select (); 
// Ope n the window if lt lsn't already 
// Bring the window to the front 

11----------------------------------------------------------------------// Res tart : 

// This method ls called by the application when there ls a need 
// to update the analysis wlndow. 

//•---------------------------------------------------------------------pascal vold !Analysis: :Resta::t () 
{ 

s wltch (thls ->fM ode) // Flgure out which mode we're ln ( play, step, etc) 
{ 

/ /------- ------- P l a y --------------
c ase ?lay: 

( ! (thls->fPlay3 ·ctton ->focus ()) 
this->!Play3stton - >Hl llte (); 

break ; 

// -------------- Fas~ ~orward -------------­
case ff: 

if (thls->fffBu::~n->focus()) 
this->fffBu::::,n->Hilite (); 

break; 

!!-------------- Re · ·~ .. d --------------
case Rew: 

l f (this->fRewa ·c::on->focus ()) 
this - >fRewcc::on->Hlllte(); 

:,reak ; 

: h!s - >fMode - Stop ; 
[Analys1sV1ew - >Restart (: : 
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'" 

11-------------------------------------------------------------------------------II 
// SAME 
// So und. r 
II 
I I SYNOPSIS 

// This is the resource description file for the Sound application. 
// It contains the menu, dialoq, window, etc. resources for the 
// application. 

II 
// COPYRIGHT 

// Author Jeff Boone, Oregon State University 
II 
I I HISTORY 
II 

11-------------------------------------------------------------------------------
include •Views.rsrc•; // Include the ViewEdit views 

//- -------- Include the requirements for this source---------­
lifndef _TYPES.R_ 
!include "Type s.r• 
lendif 

li!ndef _MacAppTypes 
!I nclude "MacAppTypes.r• 
I endi f 

l l ~~def _VlewTypes 
• ~~elud e ''VtewTypes . r• 
l ec.aif 

// ----------- - --------- Menu Numbe rs---------------
!define mPopup 235 // FM Conf igu ration pop-up menu 
! define mWlndows 4 
l deflne mSynthesls 5 

// ------------- Menu !:em Command Numbers ------------
!define cSoundEditor 10 01 
lde!ine cAnalysls 1002 
!define cSo undVlew 1003 

ldeflne cFMSynthesls 1004 
lde!ine cKSSynthesis 1005 
Ide fine cAddSynthesls 1006 

tce!ine cMySaveAs 100 7 

II !define cQc:it 36 II Def!~ed in ~acAppTypes.r 

// ~et the application's CODE. Note t~at t~ls i s done thi s way so that :he appl!catlc~ ca n 
II ::,e linked and/or rezzed separately. Also , ;>.ez current l y (MPW 3. 01 do es not support 
// -aliqn longword sl~ultaneously with th e -append option (b ut it only tells you lf yoc:·~e 
/ / getting -p progress I ndication). 
tr.elude SSShell ("Objl\pp") SSShell ( "Xl\ppName") 'C ODE'; 

ll -------------------------------------------------------------
/1 3aslc resources for various purposes . 
II 5elt evident from ~~eir n~mes. 

/1-------------------------------------------------------------
t~= !u de "MacApp.rsrc•: 
!~=:ude "Dlaloq .rsrc•; 
!~=lude "Prl~tinq.rsrc•; 

1,~ qDebu g 
!~c:ude ''Debuq.rsrc' ' ; 

I ec.~! f 

ll -------------------------------------------------------------
1/ ~;ow i ncluae the "Ce!ault .. resources 
/ / ~;ate : you c an picK an a c hoose to s e 1ec t t vc.1 ~cplacc ce! au lt s 

II in y ou r own ~ez sou rce. 

/1-------------------------------------------------------------
l~c!ude .. Defaults .r src• 
!~elude HDefaults.rsrcM 
i~clude " Def au lts .rsrc• 

'ALRT' (ph AboutApp); 
' c:nnu 1 (:nBuz Z'#ords); 
' c :nnu' (:nApple1 ; 

Page 1 



2(27/9112:18 AM Project:Project:Sound.r 

i nclude "Defau l t.s.:::-src• 'c;;mu• (m£dit); 

l!-------------------------------------------------------------
1/ ---- File menu resource 

//-------------------------------------------------------------
resource •cmnu• (:r.fil e) { 

/* 
/* 

/* 
/* 

); 

mFile, 
textMenuProc, 

Ox7FFFFBBB, 
enabled, 
•File•, 

[l I */ MQpen__ ■ I 

[2] */ •save_•, 

'/ ·-· 
[ 3 I '/ "Quit", 

I 
nor con, 

no I c on, •o•, noMark., plain, 
no! con, •s•, noMark, plain, 
nol con, noKey, noMark, pl;iin, 
.. 0., noMark, plain, cQuit 

ll-------------------------------------------------------------
/1 ---- Window ~ enu resource 

// -------------------------------------------------------------
resource • cmnu' { :-:,Windows) 

mWindows, 
te xt.M e nuPrcc, 

Ox7FFFFFBD, 

e nab led , 
"Windows•, 

cOpen; 
cMySaveAs; 
nocorT1nand; 

I • [1 1 • f •s our. d Ed l t o r•, :-:a Icon, :i.oKey , no Ma rk, plain, cSo undEdi tor; 

I' I 2 I • I "Ar.a .iysts•, :-10Ico n, :10Key, noMa r lt , plain, c.~nalysls; 
f• I JI • I •sound View•, ~or con , noKey, no Marlc, plain, c:So undVlew 

); 

ll-------------------------------------------------------------
/1 ---- Synthesis menu resource 

//-------------------------------------------------------------
resource •cmnu· ( :-:,Synthes is) \ 

mSynthesis, 
te xtMenuPr oc , 
Ox7F FFFFB D, 

e nabled, 
•synthe si s • , 

I • I l I • I 

I • [ 2 I • f 

I• I J I • f 

·~-
• ~a r;:d us/ St ro :"',q •, 
• A.de 1 t 1 ve" , 

nol co n, noKe y, noMark., pla:.:-- . , cF'MSynt hesis ; 

;;o!co n, noKey, n.oMaric, p la !.~ . . cKSSynthesis ; 

noico n, noKey , no Mark, pl a ::. , c AddSynt hes is 

) ; 

/1-------------- -------------------------- ---------------------
II ---- Menu bar r e source tor the ap plla tton 

// -------------------------------------------------------------
re so ur c e 'MBAR' i !cMBarDisplayed) { !mApple; r.,fi le ; mEdit; :- ·•:ndows; mSynthesl s ; J J ; 

include " De (au::s.rsrc• •~ !TL' {phAboutApp ); 

lnclude " De (au : :s.rsrc• ' S ".'Rf' {'<DefaultC redl:s ); 
lncl ude " De (au ::s .rsrc• •·.;rno • ('<Defaul t Wln do w!DJ; 

// Get th e detaa i c MacApp® ap pli cation lco n and necessary =~~ dllng rsr cs 
include .. De !a u.i.:s.rsrc.. · ~-~pp• (0) ; 

// Get t he defa ~ l : Ve r si on ceso ur ce s 
in cl ude "Oc fa u ::s.r src .. · ·,ers ' ( : ) ; 

include " Ocfa L.:. : s.rsrc .. · ·:~ rs' (2); 

/ / Appl!catl o~ c c ( lie speci fi c 

// Overall pac <~~e 

/1-------------------------------------------------------------
II ---- ?o p L.:p - en u resou:cc ! o r :~c ~-M confiqu ratlon 

// ------------ ------------------ ------------ -------------------
resource • c mnu ' i ~ Popup) 

mPopup, 
te x tMenuPr cc , 
allEna bl ed , 

e nabled, 
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"Conf ! g uraci o n : N, 

I 
/ ' [ 1 I ' / ·1• , noi c on, noK ey, noMark , p l ain, noc ommand; 
/ ' [ 2 I •1 · 2•, noicon, no Key , noMark, pl a in, nocommand; 
I • [3 I 'I • 3., no I con, no Key, noMark , p l ain, nocom.mand; 
1 • [ 4 I • 1 • 4•, nolcon, noKey, noMark, plain, nocommand; 
1 • [ s I • 1 • s•, nolcon, no Key, noMark , p l ain, nocornmand; 
I ' [ 6 I '/ • 6"', no Icon, no Key, noMark, plain, nocommand; 
/ ' [7 I •1 • 7•, nolcon, no Key, noMar k , p l a i n, nocommand; 

I 
} ; 

/1-------------------------------------------------------------
II ---- Menu c ol or table f or ch e pop up men u 

//-------------------------------------------------------------
resource 'mctb' (mPopup) ( { 

mPopup, 0, 

Ox9 9 99, OxOOOO, Ox9 9 99 ; 

oxrrrr, Ox6666, OxOO OO; 

OxOOOO, Ox6666, OxFFFf; 

OxFF T F, OxFFTF, Ox OOOO 
} ; 

I I ; 

I' 
I• 
/ ' 
1• 

t itle c olor •1 
• menu bar• color ' / 
d e fault item color '/ 
d efault menu backqround 

reso ur ce ' MBAR' (kMBarNot Di s p l a ye d) I {mPop upJ J; 

ll --------------- -------- ----- ------------------------------- --
/1-- -- ~About ~ dia l o g 1tem ::st resource 

//-------------------------------------------------------------
resource 'D ITL' (100 6, p re lo a o ) I 

J ; 

/• array DITLa rr ay: : eleme nt ' / 

/ ' [ 1 I • I 
10, o, JJ 6, ]20 1, 
P ic tu r e ( 

I , 

e nabl e d, 
100 1 

/1-------------------------- ---------------------------------- -
II ---- "About" d i aloq resource 

// ------------------- ------------------------------- -----------
resou r ce '8LOG ' (1006 , p r eloac) 

{ 50 , 50 , 386 , ]70 ,. 

aitDBoxProc, 
vi sible, 

noGoAway, 
OxO , 

10 06, 
"Spl a sh " 

J; 

/1------ ----- ----------- ---------- ----------- --------------- ---
II ---- Applicatio n slze resc~rce 

// ------------- -------------- ------- -------- -------------- -----
resource ' SIZE' (-1) I 

s aveSc r een , 
acceptSuspendResumeE v en:s, 
enableO p tionS witch , 

c anBack.qround , 

~ult1F1nderA wa r e , 
ba ckqrounaAn d Forcqrouna , 
aontGetFrontC11cks , 
lq noreCh l ldDiedEvents, 
\ sJ2BltCompatible , 

color 

rese rved, reserved, :-cse:-· ; ed, .:-eservca, .:-cserved, reserved , rcse:-·;ed , 

'.02 4 !02 4, 

10 24 • !024 

J ; 

II • •-- - ------•--•- •• • Bund l e S,uf! ••---------------- - --------------
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rtype ' J DBl' as ' STR 

resource ' J DBl' (0) 

•sound. V0.9dl•; 
); 

Project:Project:Sound.r 

I I Creator (or Signature) 

II-----------------------------------------------------------------------------
resource 'fREf' (128) { 

1 APPL 1 , o, ... II Show files of type 'APPL' wlth ICNI with local ID 0 
); 

resource 'fREF' (129) 
'JDB2 1 , 1, •• II Show files of type 'Bugl' with ICNI with local ID 1 

); 

II -----------------------------------------------------------------------------
resource 1 BNDL1 

I JDBl I, 

(128) ( 
II Application signature (creator) 

II Resource ID of version data o, 

); 

'ICNI', II This is how to map local ICNI ids into resource IDs 
( 

0, 128; I I Local ICNI O ls in resource 128 
1, 129 II Local ICNI ls in resource 129 

); 

'FREf', II This ls how to map local FREF ids into resource IDs 

I 
0 , 128; II Lo cal f REf O (arbitrary) l s ln resource 128 

! , 12 9 II Lo cal f REf l (a l so arbi t rary) Is ln resource 1 29 
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1 • 
/' NAME 
/ ' Analysis.s 
; • 
/' SYNOPSIS 
/ ' This module performs an FFT analysis on the data that is pointed 
/' to by rl7e + RETUR.~_VALUES. Normally these values ~re placed there 
/ ' by one of the generating routines. When this rout~ne finishes, 1t 
/ ' turn s off the HOST READY flag, the host reads all 256 FFT values, 
/• turns t he flag back on again, and finally the sound generation DSP 
/' module generates 256 more samples. 
;• 
; • Author J eff Boone, Oregon State University 
/' The FFT code is authored by AT,T 
1• 

1•------------------------------------------------------------------------------•1 
!Include <ds pregs.h> 
!Inc lu de "dspTaskDispatcherOffsets.a.h• 
llnclude "Analysis_Offsets.h• 
tincl ude "mac32c.a.h• 

.rs ec t 11 .p rog• 
rlOe - rl 7 
nop 

r7e .. r l 7 1'" FLAGS 

r2e - •r 7 
no p 
r2e , DO_FF T FLAG 
I f (eql pcgoto Encl It 

r 8e • 3UFfER 
r9e - rlO + RETURN VALUES 

/ • Data Buffer address 

I • r2 co ntains t:aqs from ne st 
1 • l atent lnstr uc -::.on 
1 • t e s t the do f,. bit 
I • ho st Is not reacly 

r7e - 256-2 ; • Copy o ver the cata samples 

\.. 

loop : •rB++ • al - dsp (•r 9++ ) 
I f (r 7-- >- 0 ) pcgcto loo p 
nop 

rl l e - 3UffER 

fftc: 
•rl4•• - rlC e 1• Pus h r lO • I 
• rl '1 + .. - r l2e I • Push rl2 • I 
• rl 4 + .. - rlJe I • Pus h rlJ • I 

• ~ l 4 • .. - r l8e I • Pus h rl8 • I 
•r l4+ • - !"! 7e I • Pus h r l 7 • I 

• r 14 . r lle I • Pus h rll • I 

1•---------------------------------------------------------------------• 1 
/ •-------------------- AP?LY HAMMING WINDOW -------------------•/ 
/ *---------------------------------------------------------------------• ! 

ha mm: rle - 25 6 

r4e - 3UrfER 

r 2 =- :- 1 2 

r2 • :-2 2 

c2 • c2 -
r2e•c2 • r 1 

rJe - ~.ammC 

; • l ength of ar ray, N • 1 

/ * pointer to to p of array aat a • ; 

I • 4 • N • / 

4 • IN-\) • / 

/ • polncer to e nd of arr ay 

/ • ~ointc r to constant 0 . 5 • 1 

/ · :~itializa ti o n of a2 and aJ ~.::- ~- o • 1 
,12 • -• cJ / ' a2 • - 0 .46' cos(2 ' pl • n/(N - ll ! • - : .46 ' / 
a] • a2 •c J >< / • aJ • - 0 .16• sin(2 ' p1 'n / (N- 1) ( - :.o ' / 
,1 l•a2 •'c3 

cl • c:/2 

h ,1 r.unA: • ~ '1 • .. ~ a O ,. ,1 1 

· r2-- • aO - al 

aO • a2 • rl4·H · 
a 2 - a 0 - a] • · rl 4 
aO • a2 • r 14 --

f • us ed as loop cou nte r • 1 

• c4 
• c2 

1 • !;to re (data 

I • store (d ata 

window! 

••inclo1o11 

I • a 2 • cos ( 2 • p I/ ( N-1 ) I 
/ ' updated a2 for (n+l) • t 

/ ' a2 • s1 n (2 ' pl/ l!'l-1) I ' / 

:a: ue • / 

·: alue • 1 

• I 

• I 

• I 

• I 

• ; 
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aJ • aO + aJ • •rl4 
al • a2 + • rJ 

if (rl-- >- 0) pcgoto 
nop 

/ • updated aJ for (n•ll •; 
/ • upd ated window value */ 

hammA 

;•---------------------------------------------------------------------•! 
!•-------------------- ff, SECTION -------------------•/ 

/*---------------------------------------------------------------------•! 
fftb : rlOe • 256 

r?e - B 
r2e • BUffER 

rl?e - tftl 
r6e - BUffER 

r9e • rlO • 2 

I• N • / 

/* M • / 

;• points to 

1• points to 

I• points 
/* N • 2 •; 

f ft R • / 

fftI • / 

to fftR •! 

/' In place bit reversal ----------------------------- •; 
rl ?e • rl 7 - r2 

rl6e - -rl? 

rle - r2 f• points to _fftR •/ 

rS - rlO - 3 /' NM3 - N -3 •; 

fftbA:rl - r2 

1f (ge) goto f !tbS 

r 4e - r 1 1• temp. pointer for 1 •1 
; • Beq:~ complex exchange 

•~l++rl7 • a O • •r2++rl 7 

•rl++r l 6 - aO • *!°2++rl6 
•r2++r l7 - aO - • r4++rl7 
•r 2++rl6 - aO - •r4++rl6 

fftbS:rJe - r9 
r2e • r2 -r6 

fftb6:r3 - r2 
if (gt) goto '.ab? 

na p 

r2e - r2 - rJ 
goto '. f:b6 
rJe • rJ/2 

fftb7:r2e • r2 + r6 
r2e • r2 + r3 
~f (rS -- :>• 0 ) goto :· ~:cA 

rle•rl•4 

I ' f '.: ~ I 1 l . '. ft RI 1 l • I 
I • '. '.:: ( 1) . '. ft! ( j) '/ 
I ' [ '.: R ( l ) . '. '.t R ( 1) • I 
1 • f! : ! (JI . '. '.t l ( 1 l • I 

I• N 2 • 2 • IJ • / 

'I 

/ • ge q i n FFT cal cuia~~on -------------------------------------- · ! 

r9 

r7 • r ? - 2 
rB • l 
r4e • !"!tbW 

r6e ,.. ~ ftbtwo 

:-13e • !"ftbtwo + 4 

ff:bJO :r lCe• rl0/2 
r9e • r9•2 

rlSe • r9•2 
rlSe • rl5 - rl7 

r2e • 3UFFER 

aJ • •r l J-­

r l B • r9 - 2 
r8 • r8•2 

fftb20:rle• r2 

rJc•rJ r9 

rl2c - rJ 
, Se - r ! 0 -

poi nts tc 2 .0 ' / 

;:oints to : .o • f 

~ ft R • , 

i nitia l: ~e twtaa~e f actors * / 

Ur-a 2•'..0 ' / 
Ul • aJ • 0 . 0 ' / 

/ ' Butterfly ----------------- ------- ----------------- ' / 
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fftblO : 
aO • •rl++rl7 + a2 • •r3++rl 7 

•rll++rl7•a0-a0 - •r3++rl6 • aJ 
al • •rl++rl6 + aJ * •rJ++rl7 

•rl2++rl7•a0--ao+ *rl++rl7 • •r6 
•rll++rl5-al-al+ •rJ++rl5 • a2 

if (r5-- >- 0) goto fftbl0 
•rl2++r15-al--al+ •rl++r15 • •r6 

;• 
1• 
1• 
;• 
;• 

1• 

Project:Project:Analysis.s 

a0-Re(i)+ur•Re(k) •; 
Re (i) -a0-a0-Ui>Im (k) •; 
al-Im(i)+Ui•Re(k) •; 
Re(k)--a0+2•Re(i) •1 
Im(i) -al-al+Ur•Im(k) •1 

Im(k)--al+2•Im(i) •; 

aO - a2 • •r4++ 
a2 - a0 - aJ • •r4 
aO • a2 • •r4--

;• Compute new twiddle •; 
; • U - U • f ftbW • / 

a3 - a0 + aJ • •r4 
if (rl8 >- 0) pcgoto ~ftb20 
r2e - r2 + 4 

if (r7-- >- 0) pcgoto f~tbJ 0 
r4e - r4 + 8 

/* --------------------------------------------------- */ 

he re: 

rlle - • rl4--
rl 7e - •rl4--
rl8e - *rl4--
rlJe - •rl4--
rl2e - •rl4--
rl0e - •rl4 
nop 

rJc - BUFFER 
r4c - (ft! 

r5e - (128) - 2 
a0-•r3• •r3 
•r3++ - ao • ao ~ •~4 • •~4++ 
if (r5-->-0 pcgoto ~e re 
nop 

r2e - BUFFER 
r8e • rl7 + RETURN VAL~~s 

r5e - (128) - 2 
here2: •re++ - aO - ieee( •r2•· l 

2*nop 

lf (r5-->·0 ;:cqoto :-.ere2 
nop 

r8e CII rl7 + FLAGS 

r 2e - • r8 
nop 
r2e &• -~o ffT ,LAG 
• r8 "" r 2e 

t.:1d !t: ret.urn (r l8 ) 

nop 

f ft I : 

BuffER: 
TSMP: 

SCRATCH: 

. rs ect ". t ab" 

256•float ::.: 

256 • float 
[ l Oilt 

2 • !lo at 

I• Pop rl 1 (BUFFER address) 
1• Pop rl 7 (Host Data address) 
I • Pop rl8 (Return Address) 
; • Pop rl3 (Seeded by BOM) 
! • Pop rl2 (Needed by BOM) 
t • Pop rl0 (Seeded by BOM) 

/ ' Put (a•2 • b•2) into the table 

/ * Hove the data to host memory 

r8 points :a nest flags 
1 • r2 contair.s flags from host 

l atent : ~struction 
Clear th e do ~ft fl ag 

/ * Write f~aqs to ~emery 

; • co nstant t able --------- ----------------- ------ ---- • f 
sqrttC : ~!oat Q . 4237288 136 , : . :3 
s, ;rtEJ: float '..4074074347, ' ,. 2.27 42n02 , - . 263 37 472 8 

float O. 5 , 1 . 4 1 4 2: J 5 E; 

oa mmC: float 0.4 6, 0 . 5 4 

:'.Lbt wo:ll oat 2.0 , 1 . 0 , 

/ "Twiddle table ------------------------------------- " / 
.r:;cct " .var .. 
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!:oa t -1. 00 00000, 0 . 0000000 I • CD S (p ill) ' -sin (pi /1 ) •; 
!"!.oat 0.0000000, -l. 0000000 ; • CD S (pi /2 ), -sin (p i/2 ) •; 
!loa t o. 7071068, - 0 .7 0 71068 I • CDS (p i / 4), -sin(pi / 4) • ; 
!'loat o. 9238795, -0.3826834 ;• cos(pi / 8) ,-sin(pi / 8) •; 
~lo at 0.9807853, -0. 195090 3 ;• cos (pi /16 ), -sin (pi/16) • / 
flo at 0.9951847, - o. 0980171 ; • cos(pi/32) ,-sin(pi/32) •; 
!loat o. 9987955, -4.9067674e-2 ;• cos and -sin(pi/64) •; 
flo at 0 . 9996988, -2.4541228e-2 ;• cos and -sin (pi/ 1 28) •! 
tlo at 0.9999247, -1. 2271538e-2 / * c os and -sin (pi/256) •; 
!loat 0.9999812, -6.1358846e-3 /* cos a no -sin (pi/512) •; 

~loat 0,9999952938, -3,06795669le-3 !• co s and -sin (pi/1024) • ; 
float 0.9999988234, -l .533980094e-3 /* cos and -sin(pi/2048) •! 

, 
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r 

J•-•----••••••••••-•••••••••••••••••••••••• •••••••••••••••••••••••••••••••••• •••••••••• •••• ••••••••••••s*/ 

f • Analysis_Offsets.h •1 

Offsets for host /D SP shared parameters 

1•------------------------------------------------------------------------------------------------------•1 
ldefine RETURN VALUES 
ldefine FLAGS 

ldefine DO FFT FLAG 

260 
1280 

/ • param[65-320) (256 floats) 
1 • host/dsp flags 

Ox00000004 
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1•--------------------------------------------------------------------------------------1 
/* FM_Offsets.h */ 
/* 

/ * 

/* 

/ * 

I• 

I* 
/* 

/* 

/* 

Offsets !or host/DSP shared parameters 

struct FMParams { 
int nurr.Samples; 
float 
float 
float 
float 

freql, !":-eq2, freq3, freq4; 
minlndexl, max!ndexl, minlndex2, maxlndex2, minlndex3, maxlndex3; 
envl[6]. env2[6], env3(6], env4(6]; 
viewFlaq, hostReady 

/* 37 floats 

/*••------------------------------------------------------------------------------------•; 
fdefine FM SAMPLES 0 
fdefine FM_FREOl 
fdefine fM_FRE02 8 
tdefine FM_FREQ3 12 
tdefine FM_FRE04 16 
I define FM_M!NIIIDEXl 20 
I define FM MAXINDEXl 24 
Ide fine fM M!NIIIDEX2 28 
ldefi ne FM_MAXINDEX2 32 
I define FM M!NINDEX3 36 
!define fM MAXINOEX3 40 
!define FM ENVl 44 
ldefine FM ENV2 68 

!define FM ENV3 92 
ldeflne FM ENV4 11 6 

!•----------- These snould ::>e co nsistent wit h other synth methods-- - ------- - ---•/ 
!define fM FLAGS 1280 
tae!lne FM INDEX 236 

I de! I ne FM RETURN DATA 260 -

!define VIEW FLAG OxOOOOCC~l 
!define HOST READY FLAG OxOOOOOOC2 
!define DO HT FLAG Ox00000 00 4 -
!define SECOND HALF OxOOOOOCOl 

!define !NIT FLAG cxoooo:::: 

Page 1 
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, 
!•------------------------------------------------------------------------•/ 
/• FM Synt hesis algorithm l. 
1 • 

;• This algorithm gets loaded onto the DSP when the user plays a voice 
f • of FM synt h esis when the configuration is set to ·1.-
;• 
; • It has 4 oscillators in this arrangement: 
;• 
;• 
!• 
; • 

, . 
I • 

I • 

I • 

I • 

I• 

I • 
I • 
I • 

/ • COPYRIGHT 

V 

V 

V 

0 

Oscillator l 

Oscillator 2 

Oscillator 3 

Oscillator 4 

<---- Oi.;tput 

1 • Author Jeff Boo ne, Oregon State University 
I • 

·1•------------------------------------------------------------------------•1 
•:~elude <dspregs.h> 

•~~elude •FM Off sets.h• 
t:~clude "dspTaskDispatcherOffse~s . a.h• 

., se ct ".prog• 

, '.0e • rl6 • DH HAD~~ • PHYSICA L f • PRB or Sa mple buf fer 

:ocpl: 

:=op2 : 

:-lOe - • rlO 
~9e - rl7 : • ho st parameters 

,Se • PARAMS 
~ 7e - 35 ; • nurnoer of params - 2 

•,B++ • a2 • d sp (•c3<+) 

'.! (r7 -- >• 0) pcgo:o ,oo p l 
cop 

,9 e • PARAMS • FM , ~~01 
rBe • I NC! 
c2e • FREQ HULT 
c6e • 2 

•~B++ - aO - •r2 • ·:-9++ 
: f ( r 6-- >· 0 ) pcgo:o l oop2 

cop 

c 7e • rl7 • FM FLAGS 
c 2e • • r7 

cop 
c2e & VIEW FLAG 
' ' (eq) pc qoto Nex,:. 
co p 

, '.0 e • rl7 • FM RE: ~ ~~ DATA 
c2e & HOST READY_F:..;..G 
' ' (e q) pcgoto E,id!: 

1 • co py ov er all params 

; • set up I NCl - I NC4 

; • r 2 cont a ins !lags fro m host 
l a te~t t~st ruction 

; • te st th e v ie w blt 

we want to ne ar t t 

poin t r:o to param b lo ck 
/ • t est the ho st _ cea dy bit 
; • host 1 s no t ready 

Pagel 
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I' 

Next: 

here: 

Next2: 

rBe • rl7 
aO • dsp(•r8l 
r 2e • TEMP !NT 
nop 
•r2 • al - lnt24(a0 ) 
3•nop 
r2e • •r2 
nop 

r2e • r2 - 240 
r2 - 0 

if (ge) pcgoto Next2 

r3e • INDEX 
r2e • ZERO 
r7e • 7 
if (r7-- >· 0) pcg oto here 
*r3++ - ao - •r2 
r4e • NEED TO INIT 
r2e • INIT ,LAG 

•r4 - r2e 

pcgoto Endit 

r4e • TEMP !NT 
• r4 - r 2 
nop 
aO - float (•r4) 
2*n op 

•ra - al • ieee(aOl 

rlle • INDEX 
r7e • COMPARE 
r6e • PT f!VE 
al - • r 11 • • r7 
a2 - al - • ~6 

r2e - TEMP =~:r 
nop 
•r2 - a2 • lnt(a2) 
3•nop 
r2e - •r2 
nop 
r2 - r2•2 
r2 - r2•2 
r2e • PARAMS • r2 
r3e - r2 + ~ ENVl 
r4e - r3 + 4 
aO - •r4 - •r3 
rSe • I NDEX~ :sc 
no p 
•rs - al • aO • •~ 7 

r3e - r2 • ,,., ENV2 -
r4e - rJ + 4 
aO - •r4 - •rJ 

rSe - INDEX2 :)IC 
nap 

• rS - al - a O . •r7 

rJe - r2 + ,,., ENVJ 
r4e - rJ • 4 
aO••r4 -•r 3 
rSe - INDEX) :sc 
nop 
•rS - al • aO • •: 7 

rJe - r2 + ~ ENV4 
r4e•r3+~ 

ao-•r4 -· :-3 

rSe • I NDEX4 ::-ic 
nop 
•rS- a l- aJ 

rBe • NEED ~8 !NI ~ 
r2e • • r8 
nop 
r2e , INIT F:.AG 
if (eq) pcgoto Noinit 

Project:Project: FMA!g 1.s 

;• Numsamples 

;• convert to an integer 

/• r2 • NumSamples 

;• Subtract the frame size 
/• See 1! we need more samples 
;• need more samples 

/* don't need samples •/ 
;• zero out our VAA parameters •; 
;• there are 9 of them •; 
;• Re-initailize the VAR parameters•; 
;• Zero out the parameters 

;• Turn on need to init flag 

;• exit the module 

/' put samples remaining in temp 

/* convert to float 

; • Update samples remaining 

/' I • COMPARE 
/* Subtract 0.5 ~or round 

;• a2 - Start 

;• r2 - Start 

I• r2 - . 4 (!"or float s l ze) 

I • Env [ startj 
I • Env[!inishj 
I • aO - E:w[fin(sh j - Env fstartJ 

I • Save Index ir.c!"ement l 

1 • Env [ startj 
1 • Env [ !:nishj 
I• aO - Env[flnishj - Env[startJ 

I • Save : ndex i r.crement. 2 

I • Env [ startj 
I • Env [ f:nishj 
I • aO - Env [finish J - Env[start J 

/ * Save !ndex i~creme nt J 

/ ' Env [ s~a rt J 
Env i !'.nlshJ 

/ ' aO • Env[fln : sr. J - Env[start l 

; • Save ::-idcx i :-:::::-ement 4 

•; 

•; 

'I 

'/ 

'/ 

'/ 

'/ 

'/ 

'/ 

'/ 
•f 

'I 

•j 

• I 
• I 

'/ 

• I 

• I 
• I 

• I 

• I 
• I 
• I 

. • I 
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Noin1t: 

Ma1nloop: 

lessl : 

,2e &• -INIT FLAG 
·:s - r2e 

:Je •PARMS+ FM_ENVl 
:4e • INDEXl 
•:4•a O•*r3 

=-=e - PARMS + FM ENV2 -
,4e - INDEX2 
•:4 - aO - •rJ 

r3e - PARMS + FM ENVJ -
,4e - INDEXJ 
•:4 - aO - •rJ 

:3e •PARMS+ FM_ENV4 
:<e • INDEX4 
•:-4•a0••r3 

=~e • 238 
,9e • SINE SIZE 

::e •PARMS+ FM MAXINDEXl 
:Se• PARMS+ FM_MININDEXl 
a3 - *rl - •rs 
c ~e • INDEXl INC 
c4e • INDEXl 
a: - •rs• a3 • •r4 

•: ◄ - aO - •r4 + •r6 

c2e • PHASEl 
c <e • TEMP INT 
• ,4 • a2 • lnt24 (• r2) 
2 •,-,op 
:-4e - •r4 
c:e • MODl 
:4 - r4•2 
=-~ - r4*2 

c:e • r4 + SINE TABLE 
•:! - aO - •rs • al 

c2e • INCl 
•:-2 - al - •r2 + •rJ 

c2e • TE.'IP INT 
• ,3 • aO • l nt24 (*r2) 
: •-,op 
:--J e - "'r3 
-. ==> 
:3 - 256 
c ~ (lt) pcqoto l essl 
:--. ::p 

•:-2 • aO - •~2 - •r9 

::e • PARAMS + FM MININDEX2 
::e • PARMS + FM MAXINDEX2 
aJ ••rl-•rS 
c~e • INDEX2 :NC 
c~e • [NDEX2 

c :e • PHASE2 
c ,e • TO:MP INT 
· =~ • a2 • lr.t24 (" c 2 ) 
: • .,op 

c:e • MOD2 
=-~ • r4*2 

c, • r4*2 
cce - r4 SINE TABLE 

aO - •rs • al 

c , e • INC2 
a: -•r2+•r) 

Pro ject:Pro ject: FMAlg l.s 

/ *Turnoff lnit flag 

/* Set up initial indexes 

/• Loop count (!ramesize-2) 

/ * a3 • MAX INDEXl - HIN INDEXl 

; • al • (lNDEXl • (MAX-MI N)) + MIN */ 
/ * INDEXl - INDEXl + INDEXl INC • / 

I • r4 • PHASEl • ; 

/ * Multiply by 4 fo r float • I 

! • Need to do lnterpolat1on 
/ 0 SINE_TABLE{PHASEl J • INDEXl 

/ * Phasel • ?hasel + Incl • I 

I • r3 • PHASE! 

I * See if ~e•re past end of ta ble • I 

/ • Wrap to st art of table • f 

/ * a) - 1-'.AX :NDEX2 - HIN INDEX2 • I 

f • al • (!SC:EX2 • (1-'.AX-MIN)) + HIN • f 

~ult!ply cy 4 for :!oat 

; • Need to co lnterpolat1on 
SINE_T .~B:.E{PHASE2J • INDEX2 

; • Phase2 • ?hase2 + l nc2 

• I 

• I 
• I 
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less2: 

ok2: 

less3: 

oU : 

r4e • MODl 
rSe • INCl 
•r2 • aO - al + •:-4 • •rs 
2*nop 

r Je - TEMP INT 
•rJ - aO - int 24(•r2) 
3*nop 

r3e - • r3 
nap 
r3 - 256 
if (lt) pcgoto less2 
nap 
•r2 • aO • •r2 - •~9 
pcgoto 01<2 
nap 

r3 - O 
if (gt) pcgoto o~2 
nap 
*r2 - ao - •r2 + •:-9 

rSe - PARAMS • F1'! MININDEX3 
rle • PARAMS + F1'! ~INDEX3 
a 3 - • r l - • rs 
r6e - INDEXJ_INC 
r4e • INDEXJ 
~l - •r5 + a] • •:-~ 
• r4 - a O - • r '1 • • :-6 

r2e • PHASE3 
r4e • TEMP INT 
•r4 • a2 - lnt24 • r2) 
J•no p 

r4e - *!"4 

rle • MOD3 
r4 • r4'2 
r4 - r4•2 
rSe • r4 + SINE :~3LE 
*rl - aO - •rs • ~~ 

r3e • !S CJ 
al - •r2 + •r3 
r4e • !'!0D2 
rSe - !NC2 
•r2-a O •al +-

2'nop 

r3e • :' EMP !NT 

•rJ • aO • l~ t24 : •r2) 
J•no p 
r3e • •r3 

nap 

r3 - 2 56 
i f (lt) pcgoto >es s3 
na p 
•r2 • aO • •r2 - •r9 

pcgoto o<3 
na p 

r3 - 0 
If (gt) pcgoto c c, 
;1op 

•r2 • aO - •r2 • • :-9 

r6e • : SDEX4 IN :: 

r4e • : NDEX4 
a l • •r4 
•r4 • aO • •r4 - •r6 

r2e • ? HASE4 
rl e • :C:.'1P :NT 

• rt • a2 • : nt ( •r_ , 

3 •nop 
r le • • r l 
nap 
rl - r~•2 

rl - rl*2 

Project:Project:FMAlg l .s 

/' Phase2 • P~ase2 + (Modl'!ncl) • 1 

I* r3 - PHASE:2 */ 

/* See if we're past end of table */ 

/* Wrap to start of table *I 

/* Hand le negative case */ 

/ ' a3 • MAX :~'DEX 3 - MIN INDEX J • I 

I * a 1 • ( INDEXJ • (MAX-MIN) ) • MIN • / 

/ ' Multiply by 4 for float • / 

/ * Need to do !.!":~erpolation */ 

/ ' mod 3 • S INE_:ABLE(PHASEJ J • INDEX3 • ; 

/' Pha se3 • Pha se3 + Inc3 

; • Phase3 • ?h ase3 • (mod2 • '.~c2) 

f • r3 • PHASEJ 

/ ' Wrap to st ar: of table 

/* Handle neqat:ve case 

/ ' al • INDEX4 
/ ' INDEX4 • :s:::;:x4 + !NDEX~ ::-ic 

; • Multiply by < for float 

• I 

•f 

• I 

• I 

• I 

• I 

' / 
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Sound: 

Cont: 

iess4: 

ok4: 

End It: 

cREQ_MUL".': 

CCMPARE: 

MAX AMP: 
TEMP INT : 
Sl~E SIZE: 
NU!-1BER SA.'"'P: 
A i' !FTH : 
MOD): 

MOD2: 
MOD3: 
ONE: 
PT :IVE : 
ZE il.O: 

PARAMS: 
OLD SIG; : 

OLD S!G2: 
OLD SIGJ: 
INCl: 

r5e - rl + SIN E TABLE 
r6e - MOD3 

rBe - r17 + FM FLAGS 
r3e - • rB 
nop 
r3e & VIEW FLAG 
if (eq) pcgoto Sound 
nop 

aO•al••rS 
2•nop 

•rlO++ - aO - ieee(aO) 
pcgoto Cont 
nop 

•rlO++ - aO - • rlO + al • •rs 

r3e - INC4 
rSe - INC3 
al - •r2 + •r3 
r4e - OLD SIG3 
nop 

/ ' rs i s index in to sine table 

1• rB points to host flags 
I' r2 contains flags from host 
/ * la tent instruction 
/' test. the view bit 

/" we want to hear it 

/' Just viewing 

1• Place into sample buffer 

/* sum into PRB 

/" PHAS£4 + INC4 

*/ 

*/ 

'/ 
*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

a2 • al + •r6 • •rs 
2*nop 

/* PHASE4 + INC4 + (M0D3'INC3) */ 

•r2 - a3 - a2 - •r4 

2•nop 
r Je • TEMP INT 
• rJ • aO • lnt24 ('r21 
J•nop 

r3e - •rJ 

nop 

rJ - 256 
if (lt) pcgoto le ss4 
nap 

•r2 - aO - •r2 - •r9 
pcgoto ok4 

no p 

rJ - O 
1! (gt) pcgot o ok 4 
na p 
•r2 - aO • •r2 + •r9 

r2e • O)IE 

/ ' PHAS£4 + !NC4 + MOD3 - OLD_SIG3 '/ 

/ ' rJ • PHJ\SE4 

I ' See if we're past end of table 

/ ' Wrap to start of table 

; • Handle negative case 

•r!l ·al• •rll • •:-2 In crement :.he index 
'.f (r7 -- >· 0 ) pcgoto Mainlooo f • Loop for size of fr ame 
oop 

rBe • rl7 + FM FLAGS 
r 2e • • r8 

nap 
r2e ,- - HOST READY ,~AG 
•re - r2e 

rec urn I r l B) 
nap 

float 
float 
f loat 
l nt 24 
flo at 
float 

fl oat 
flo at 
flo at 
float 
float 
flo at 
floa t 

]?•f lo at 
float 

f lo at 
flo at 
float 

( 256. 0/2 ~000 . 0) 
1: . 01 (24960. 0/5 . 0 i I 
( 1 . 0 ) 

( 256. 0) 
24960. C 

I l . 0 / 5. : l 
0 . 0 
0 . 0 
0.0 
l . 0 

0.5 
0 . 0 

0 . 0 
0 . 0 

0 . 0 

rB points to ho st flags 

' • r2 conta i ns f l ags f rom host 
/ ' latent in struction 
: • Clear the host ready flag 
/ ' Write fl ags to memory 

Sine table size/ Sample rare • ! 
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\. 

:NC2: fl oat 

INC3: 
INC4: 

INDEXl INC: 
INDEX2 INC: 

INDEX3_INC: 
I NDEX4 _INC: 

float 

float 

float 
float 
float 
float 

/ •---------------------- These are the variable paru,eters ------------ •/ 
.rsect . . va r• 
INDEX: float o.o 
PHASEl: float 0.0 
PHASE2: float 0.0 
P fl.ASE3: float 0.0 
PHASE4: float 0.0 
INDEXl: float 0.0 
INDEX2: float 0.0 
INDEX3: float 0.0 
INDEX4: float 0.0 
NEE:D TO INIT: flt bits 0x0000000l -

/•---------------------- This is the sine wave table------------•; 
. rsect "'. :ab• 
SINE - TABLE: float 0.0000 00, 0.024541, O.C49067, 0. 073563, 0.098016 

f loat 0.122409, 0.14672 8, C.170959, 0.195087, 0.219098 
float 0.24297 6, 0 .266708 , C .29 028 0, 0.3136 77, 0.336884 
fl oat 0.359889, 0 . 3 82677, o. rn5235, 0.427548, 0.449604 
flo at 0 .471389, 0 .492891, 0 .5 1409 5, 0.534990, 0.555562 
f loat 0 .575800, 0 . 595691, C . 6 1 5223, 0.6343 84, 0.653164 
tl oat 0. 671550, 0. 68953 1 , C . - 0 7 0 97, o. 724238, o. 740942 
f loat 0.757199, 0. 773001, 0 . 7 88337, 0.80 3198, 0.817576 
fl oat 0. 831460, 0 .84484 5, C . 857720, 0.870078, 0.881913 
f loat 0.893216, 0.903981, C . 9 14202, 0.923 872, 0.932986 
float 0.94153 7, 0 .949522, C . 9 56934, 0. 963770, 0.970026 
float 0.975697, 0 . 980781, C .985274, 0. 989173, 0 .992477 
float 0 .995182, 0.9 97289, C .998794, 0.9996 98, 1. 000000 
!"loat 0 . 999699, 0.998797, 0. 997292, 0.9951 87, 0.992483 
float 0.989181, 0. 985283, C. 980791, 0 . 975709, 0.970039 
float 0.96 3784, 0 . 95694 9, G.949 538, 0.941555, 0.933004 
float 0.923892, 0 .914223, C.904004, 0. 893240, 0.881938 
float 0.8 70104, 0 .857747, C . 944 873, 0.831 490, 0.817606 
float 0 .803230, C . 788369, C. :730 34, 0.7 57234, 0 . 740977 
float 0 .724274, o. 70713 5, C. 689569, 0.671589, 0.653204 
floa t 0 .634425, 0.615264, :.595733, 0.575 843, 0.555606 
float 0 .535034, 0 .514140, :.492936, 0 . 4714 36, 0.449651 
float 0 .427596, C .405283, : .382726, 0 . 359938, 0.336934 
!"loat 0 .313727, C.290330, C . 2 66759, 0.243027, 0.21 9149 
f loat 0 .195139, :.1 71 011 , :. :46780, 0 . 1 22461, 0 . 09806 8 
!"lo at J .073616, C.049119, : .:24593, O.C00053, - 0 . 02448 8 
!"loat - 0.049014, - 0 .073511, - 0 .097963, - 0 .122356, - 0.1466 76 
flo at - 0.170907, - 0 . 1950 35, - J . 219046, - 0 .242925, - 0 .266658 
~loat - 0 .29023 0 , - 0. 3 136 27 , - 0. 336835, - 0 .359840, - 0 .382629 
f loat - 0 .405187, - 0.427501, - J. 449557, - 0.4 71343, - 0.492845 
f loat -0.514050, - 0 .534945, - 0 .555518, - 0 .575757, - 0.5 95648 
float - 0 .6 15181, - 0 .634344, - J .653124. - 0. 671511, - 0.68949 3 
fl oat -0. 7 07060, - 0 .724201, - 0. 740 906, - 0 .757165, - 0.772968 
float - 0. 788305, - 0 .80316 7, - 0 .817545, - 0 .831431, - 0 .844816 
fl oat - 0.857693, - 0 .87 00 52, - ,) . 881888, - 0 .893192, - 0.903959 
float - 0 . 914181, - 0 .923852, - 0 .932967, - 0 .941519, - 0.949505 
!"loat - 0 .956919 , - 0 . 963756, - 0. 970013, - 0 .975686, - 0 .98077 1 
fl oat - 0 . 985265, - 0 . 989165 , - 0 .99247 0, - 0 .995177, - 0.997285 
fl oat -0.998792, - 0 .999697, - l. 000000, - 0 .999701, - 0 .998799 
float - 0 . 997296, - 0 .995193, - 0 .992489, - 0 .989188, - 0. 985292 
flo at - 0.980801, - 0 .97572 0 , - J. 97 0 051 ., - 0. 963798, - 0 .956965 
float - 0. 949555, - 0. 941573, - J . 933023, -0.923912, - 0.914245 
fl oat - 0 .904026, - 0. 893263, - J .881962, - 0 . 870130, - 0 .857774 
fl oat - 0 .844901, - 0 .831519, - 0 .817636, - 0 .803261, - 0 . 788402 
: lo at - 0 . 7730 68, - 0 . 757 268, - ) . 7 4 101 2, - 0 . 724310, - 0 . 707172 
flo at - 0 .689608, - 0 .b 71 628, - ) . 653244, - 0 .634466, - 0 .615306 
: lo at - 0 . 59 5775, - 0 . 5758 86 , - ) . 5 5 56 50, - 0 . 535079, - 0. 514185 
fl oat - 0 .4 92982, - 0 .4 71482, - ). 449698, - 0 .42 7644, - 0. 405331 
flo at - 0 . 382775, - 0 .359988, - 0 .336984 , - ) .313777, - 0 .290381 
flo at - 0 . 266810, - 0 . 243078 , - ) . 219200 , - ·J ., 95 190, - 0 .1 710 63 
fl oat - 0 . 146832, - 0 .1225 13, - ) . 09 812 0 , - 0 .073668, - 0 .04917 2 
floa t - 0 . 0 24646, 0 . 0000000 
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/•-----------------------------------------------------------------------•! 
/ * FM Synthesis algorithm 2. 
/ * 

/ * This algorithm gets loaded onto the DSP when the user plays a voice 
/ * of FM synthesis when the configuration is set to •2.· 
/ * 

/ * I t has 4 oscillators in ttis arrangement: 
/ * 

/ * 

/ * 

I• 
/* 

/* 
/ * 

/* 

/* 
/* 

/* 

/ * 

/ * 

/* 

/ * 

/ * 

/* 

I • 

I • 
I • 

I • 

I • 

I • 

I • 

! • COPYRIGHT 

Oscil cater l Oscil later 2 

1------------- + ----------1 
V 

3 Oscil later 3 

V 

Oscillator 4 

0 <---- Output 

; • Author Jet! Boone, C=e q on State C nlversity 

I • 

1•------------------------------------------------------------------------•1 
!inc lu de <dspregs.h> 
llnc l ude "fM Offsets.h" 
tlnc l ude "dspTaskDispatcherC1~sets.a.h• 

.rsect ".proq• 

rlOe • r16 + DH "-~DR + PHYS:CAL / * PRB or Sa:, ple buffer 
rlOe - ·no 

l oopl: 

loo p2: 

~ P.Xt : 

r9e - rl7 / * Host parameters 

r8e • PARA!-1S 
r7e - 3 5 

•r8++ - a2 - dsp : •:-9++ ) 

lf ( r 7-- >· 0) ;:=~ :>to lo op! 
nap 

r 9e •?ARAI-IS+':-' "REQl 
r8e • iSCl 
r2e • ,REQ _MULT 

r6e - 2 

•rs++ - aO - •r2 • •r9~+ 
l f (r6- - >· 0 ) ~=~ :,t o l oop 2 
nop 

r7 e - r l7 + f'M ~ ~ ;3 5 

r2e - •r 7 
nop 
r2e , VIEW FLAG 

lf (eq) pcgoto Sex : 

nap 

rl Oe • r l 7 t ~ = c::-·:RN DATA 
r2e , ~OST REAC .,- c:_.;G 
! f (e q) pc qoto C:c::: 

r 8e - ~ l7 
aO - o sp ( • r 8) 

r2 e - TEMP I NT 
nop 
•r2 - al 3 lnt2 ~ ~:) 
J•nop 
r2e - •r2 

! • copy over a:: params 

; • Set up INC! - :NC4 

J • r2 contains !:ags from ~est 
; • latent i nstr ·..:ction 
; • test the v i e._. oit 
; • we want to r.ear it 

; • po int r l O to ;aram bl oc K 
/ • test t he hos: _ ready bl t 
;• ho st i s no t :-eady 

/ ' NumSamples 

Page 1 
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here: 

Next2: 

r2e • r2 - 240 
r2 - O 
if (ge ) pcgoto Next2 

r3e • INDEX 
r2e • ZERO 
r7e • 7 
if (r7-- >· 0) pcgoto here 
•r3++ • aO • •r2 
r4e • NEED_TO_INIT 
r2e • INIT FLAG 

•r4 • r2e 

pcgoto Endit 

r4e • TEMP INT 
•r4 • r2 
nop 
aO • float (•r4) 
2•nop 
•rB • al • ieee(aO) 

rlle • INDEX 
r 7e • COMPARE 
r6e • PT FIVE 

al - •rll • •r7 
a 2 - al - • r6 
r 2e • TEMP INT 
nap 

•r2 • a2 • Int (a2) 
J•~o p 

r2e • •r2 

nop 
r2 - r2*2 
r2 • r2•2 
r2e • PARAMS + r2 
r3e • r2 + FM ENVl 
r4e•r3+4 
aO • •r4 - •r3 
r5e • INDEXl ;:-ic 
no p 
• :--5 - a 1 - aO • • ~7 

r3e • r2 + F~ SSV2 
::4e • r3 + 4 

aO-•r4 -•r3 

:::e • l!'IDEX2 :sc 
~cp 
•:-5 - al• aO • •r7 

rJe • r2 + FM E!'IV3 
r4e • rJ + 4 
aO-•r4-•r3 

:::e • INDEX) !!'IC 
~op 
•rS •al• aO • •::7 

rJe • r2 + P.1 E~V4 
r~e-r3+4 

r:e • : NDEX4 :SC 

a.op 
•rs• al • aO • •r7 

r3e - !'lEED TO I!'l!T 
:-2e - • :--8 

:-2 e & :~SIT F!..AG 

(eq) pcgoto Solnlt 

r2e &• - , NIT ~:,_,;c 
•:-8 - r2e 

r3e • PARAMS • :!-I ENVl 
r4e • INDEXl 
•::4•aO••r3 

Project:Project:FMAlg2.s 

; • Subtract the frame size 
/* Neea to output more samples? 

/* don't need samples 

•1 
•1 

*/ 

/* zero out our VAR parameters */ 

;• there are 9 of them •; 
/* Re-lnitailize the VAR parameters •; 
1• Zero out the parameters 

/* Turn on need to init flag 

/* exit the module 

/* put samples remaining in temp 

/* convert to float 

/* Update samples remaining 

/ • I • COMPARE 
/ • Subtrac t 0.5 fo r round 

/ • a2 • Sta rt 

I • r2 • Sta rt 

/ • r2 • r2 • 4 (for float size) 

/• Env [ s tart) 
f • Env[flnish) 
1• aO • Env[finishl - Env[start ) 

/ * Save In dex increment 1 

; • Env[startl 
1 • Env [ finlshl 
f • aO • Env[flnlsh) - Env[start ) 

/ * Save In dex increm ent 2 

1 • Env [start l 
1 • Env ( flnlshl 
1• aO • Env[flnishl - E,w[ start l 

/ * Save Ir:dex increment J 

/ * Env ; start] 

/ • Env ! f!.:,!sh] 

; • aO • ::nv[flnlshl - 2nv[start : 

!• Save Index increment 4 

/ • Tur~ off lnlt flag 

1 • Set ~p initial indexes 

•1 

•1 

•; 

•; 

•1 

•; 

., 
•1 
•; 
•; 

• I 

., 
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Noinit: 

Hainloop: 

lessl: 

r3e • PARAMS + FM ENV2 
r4e • INDEX2 
•r4•a0••r3 

r3e • PARAMS + FM ENV3 
r4e • INDEX3 
*r4•a0••rJ 

r3e • PARAMS + FM ENV4 
r4e • INDEX4 
• r4•a0•*r3 

r7e • 238 
r9e • SINE SIZE 

rSe • PARAMS + FM HININDEXl 
rle • PARAMS + FM MJ\XINDEXl 
a3 • •rl - •rs 
r6e • INDEXl INC 
r4e • INDEXl 
al - •rs + a3 • *r4 
•r4 - aO • •r4 + *r6 

r2e • PHASEl 
r4e • TEMP INT 
•r4 • a2 • lnt24 (*r2) 
J*nop 

r4e - *r4 

rle - MODl 
r4 • r4•2 
r4 - r4•2 

r5e • r4 + SINE TABLE 
•rl - aO • •rs • al 

r3e • INCl 
•r2 • al • •r2 + •rJ 
2•nop 

r Je • TEMP INT 
•r3 • a0 • lnt24 ('r2) 
3•nop 
r3e - •rJ 
no p 
r3 - 256 
if (It) pcgoto lessl 
nop 
•r2 • ao • •r2 - •c9 

rSe • PARAMS + FM MININDEX2 
rle • PARAMS t rH MAXINDEX2 
a3 • • rl - • rs 
r6e - INDEX2 INC 
r4e • INDEX2 
al • •rS + aJ • •r4 
•r4 - aO - •~4 + •r6 

r2e • PHASE2 
r 4e • TEMP INT 
•r4 • a2 - l nt24 ('r2) 
J •nop 

r4e • •r4 

rle - MOD2 
r4 - r 4•2 
r4 - r4•2 
r5e - r4 + SINE TABL~ 
•rl - aO - •rS • al 

r3e • fNC2 
al - •r2 • •rJ 

r4e - MODI 
rSe - [NCI 
•r2 - aO • al • •r4 • •r5 
2•nop 

r3e • TEMP INT 
•rJ • a0 - l nt24 (•r21 

Project:Project:FMAlg2.s 

t• Loop count (frameSize-2) */ 

/* a3 • MAX INDEXl - HIN INDEXl *I 

/* al • (INDEXl * (MAX-HIN)) + HIN */ 
/* INDEXl • INDEXl + INDEXl INC •; 

f • r4 • PHASEl • I 

;• Multiply by 4 for float • I 

/• Need to do interpolation • I 
/* SINE_TABLE[PHASElJ • INDEXl • I 

/' Phasel • Phasel + Incl */ 

/* r3 • ?HASEl */ 

/ * See i~ we're past end of table 

; • Wrap to start of table • I 

/ * a3 • ~ INDEX2 - MIN INDEX2 */ 

/ ' al • (IN DEX2 • (!-!AX-MIN) I + MIN • f 

;• Mult!ply by 4 for float • I 

/ * Need to do interpolation 
/ * SINE :ABLE[PHASE2J • I NDEX2 • 1 

I • Phase2 • Phase2 + Inc2 • I 

/ ' Phase2 - Phase2 + (Modl'I ncl) •; 

/* r3 • PHASE2 

Page 3 
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le ss2: 

l essJ: 

okJ: 

3•!"1.op 

r3e • •r 3 
nap 

r3 - 256 
if (lt) pcgoto l ess2 
nap 

•r2 • ao - *r2 - •r9 

rSe • PARAMS + fM_MININDEX3 

rle • PARAMS + fM_MAXINDEX3 
a3 • •r l - •rs 
r6e • INDEX3 INC 
r4e • INDEX3 

al - •rs+ a3 • *r4 
*r4 • aO • *r4 + •r6 

r2e • PHASE3 

r4e • TEMP INT 
•r4 • a2 • int24 (•r2) 
3•nop 
r4e • •r4 

rle • MOD3 
r4 • r4•2 
r4 • r4•2 
rSe • r4 + SI NE 7ABLE 

r3e • INC 3 
al - •r2 + •r) 

r4e • MOD2 
rSe • INC2 

rle • MODl 
r8e • INCl 
aO •al+ *r4 • •rs 
2*nop 

•r2 - aO • aO • •~1 • •re 
2*nop 

r3e • TEMP INT 

•r3 • aO • int24 (•r2) 
3*nop 
rJe - •r3 
nap 

r3 - 25 6 
if (lt ) pcgoto :essJ 
nap 

• r2 • aO • • r2 - • r9 

pcgoto ok3 
nap 

r3 - O 
if (gt) pcgoto o<J 
nap 

•r2 • aO • •r2 • •r9 

r6e • INDEX4 ISC 
r4e • IN DEX4 

al - •r4 
*r4 - aO - •r4 • •r6 

r2e - PHASE4 

rle - TEMP INT 
•r" • a2 • lnt(•r2) 
J•;.op 

rle - •rl 
nop 

r l - r1•2 

r! - rl*2 
rSe • rl t SINE 7ABLE 
r6e - MODJ 

r8e • rl7 + F~ ? : ACS 
rJe - •rs 
ncp 
r J e , VIEW FLA::; 

l f (eq) pcgoto Sound 
r.o p 

Project:Project:FMAlg2.s Page 4 

/• See if we're past end of table 

1• Wrap to start of table •1 

/• a3 • MAX INDEX3 - MIN INDEXJ • I 

t• al • (INDEX3 • (MAX-MIN)) + MIN • I 

/• Multiply by 4 tor float 

/• Need to do i nterpolation •t 
f• mod3 • SINE_7ABLE[PHASE3J • INDEX3 °/ 

/ * ?hase3 - ?~a se3 + Inc3 

I • Ph ase3 + I ~c3 + (mod2 • l nc2) ., 
, . Add MODl • :sci • I 

/ ' r3 • PHASE3 ., 

I ' See if we're past end of table ' / 

; • ~rap to s~art of table 

/ * Handle neqa::ve case 

/ ' al • INDEX~ 

I • ~ultiply t:y 4 to r float • I 

I • cs ls index ~ :,to sine table ' / 

I • r9 points - - ~o st flags • I 

I • c2 contai:-:s :lags f r om host • I 

I ' l atent ins: r'-'ctlon ., 
I • :est the v:ew bl t • I 

I • we want to :-.ear it • I 
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Sound: 

Con t: 

:ess4: 

oic4: 

f~EQ _MULT: 
::OMPARE: 
~_AX AMP : 

:-,:.MP FLOAT: 

"'."S.'IP INT : 
SINE SIZE: 
)IIJMBER SAMP: 

A f If'TH: 

!"0D1: 
!"0D2: 

~ ODJ: 
.:'SE: 

? "'." FIVE: 
z~;,.o: 

?ARAMS: 
C wl SIGl : 
C w SIG2: 

C :.:J SIGJ: 

: )ICl: 

:sc2: 
: ~,CJ: 

: SC4 : 
: ~:J EXl I NC: 
:SDEX2_INC: 
i )IDEXJ I NC: 
:SDEX4 INC : 

aO • al • •r s 
2*n op 

•rlO++ • aO • ieee(aO) 
pcgoto Cont 
nop 

•r lO++ • aO - *rlO + al * • rs 

r3e - INC4 
rSe • IN C3 
al - •r2 + *r3 
r4e • OLD SIG3 
nop 
a2 - al + *r6 • •rs 
2 *nop 

*r2 - a3 - a2 - *r4 

2*nop 
r3e • TEMP INT 

•r3 - ao - 1nt24(*r2l 
J•nop 
r3e - *r3 
n op 
r3 - 256 
1! llt) pcgoto less4 
no p 
•r2 - ao • • r2 - •r9 
pc goto ok4 
~o p 

r3 - O 
1 ! (gt) pcgoto ok4 
n op 
•r 2 • aO • • r2 + •,9 

r2e • ONE 
•rll - al • • rll • •r2 
l! (r7 -- >· 0) pcgoto Mainloop 
no p 

rBe - rl7 + 

::2e - • rB 
n op 
r2 e ,- - HOST 
• ::8 - r2e 

re turn (rl B) 
:io p 

flo at 
flo at 
flo at 
fl oat 
1nt24 
float 
f !oat 
flo at 
flo at 
float 
flo at 
float 

f !oa t 
floa t 

37'!loa t 
flo at 
flo at 
float 
f l oat. 
float 
float 
f ! oat 
float 
float 
float 
flo at 

FM FLAGS -

READY f!.AG - -

(256. C/2 4000 . 0 ) 

( 1. 0/ ( 24960.0 / 5. 0) ) 

11.0) 

( 25 6. 0 ) 

24960 . ~ 
( l. 0 /5 . : ) 

C . 0 
a .a 
a.a 
l . O 
0 .5 
0 .0 

a.a 
0. 0 
0 .0 

Project:Project:FM Alg2 .s 

/ * Ju st. viewing 

/* Plac e into sample b uffer */ 

I• s um into PRB *I 

/* PHASE4 + INC4 

/ * PHASE4 + INC4 + (MOD3*INC3) */ 

/* PHASE4 + INC4 + MOD3 • Oill_SIG3 */ 

/* r J • PHASE4 

/* See 1! we're past end o! table 

;• Wra p to start o! table 

;• ~andle negative case 

/• In crement the index 
;• Loop !or size o! frame 

I• rB po 1 nt s to host !lags 
I • r2 contains fl ags from ho st 
/ * l atent ins t ruction 
I • c:e ar the host ready ! l ag 
I • Write !lag s to memory 

/ • Sl ne table size/ Sample rate • ; 

*/ 

*/ 

•; 

•; 
*/ 

; •---------------------- The se a re tie variable pa rameters------------• / 
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.rsect . . var• 
INDEX: float 0.0 
PHASEl: float 0.0 
PHASE2: float o.o 
PHASE3: float o.o 
PHASE4: float o.o 
INDEXl: float o.o 
INDEX 2: float o.o 
INDEX3: float 0.0 
INDEX4: float 0.0 
NEED TO_INIT: fltbits OxOOOOOOOl 

/*---------------------- This is the sine wave table------------*/ 
.rsect. •.tab• 

SINE_TABLE: float 

float 
float 

float 
float 

float 
float 

float 
float 
float 
float 
float 
float 
float 
floa t 

float 
float 

floa t 
float 

float 
float 

float 
float 

float 
float 

float 
float 

float 
float 

float 
float 

floa t 
f loat 
float 
float 

f loat 
floa t 

float 
floa t 

floa t 
float 

float 
float 

float 
floa t 

float 
float 

float 
float 

float 
float 

float 

0.000000, 0.024541, 0.049067, 0.073563, 0.09B016 

0.122409, 0.146728, 0.170959, 0.195087, 0.219098 
0.242976, 0.266708, 0.290280, 0.313677, 0.336B84 

0.359889, 0.3B2677, 0.405235, 0.427548, 0.449604 
0.471389, 0.492891, 0.514095, 0.534990, 0 .5 55562 

0.575800, 0.595691, 0.615223, 0.634384, 0.653164 
0.671550, 0.6B9531, 0. 707097, O. 72423B, O. 740942 

O. 757199, 0. 773001, O. 7B8337, O.B0319B, O.B17576 
O.B31460, 0.844B45, O.B57720, O.B7007B, 0.8B1913 

O.B93216, 0.903 9B1, 0.914202, 0.923B72, 0.9329B6 
0.941537, 0.949522, 0.956934, 0 .96377 0 , 0.970026 
0.975697, 0.9B0781, 0 .9B5274 , 0.9B9173, 0.992477 
0.995182, 0.9972B9 , 0.99B794, 0 .99969B, 1.000000 
0.99969 9, 0.99B797, 0.997292, 0.9951B7, 0.9924B3 
0 . 9B9181 , 0.9 B52B3, 0 . 980791, 0.975709, 0.9700 39 

0.96 3784, : .956949, 0.949538, 0.9 41555, 0.933004 
0.923 892, 0.914223, 0.904004, 0 .8932 40, 0.881938 
0.870104, 0.857747, 0.84487 3 , 0.831490, 0.817606 
0 .803230, o. 788369, o. 773034, o. 757234, o. 740977 

0.724274, 0.707135, 0.6 89569, 0.671589, 0.653204 
0.6 34425, 0.615264, 0.595733, 0.57584 3, 0.555606 

0.535034, 0.514140, 0.492936, 0 .471436, 0.4 49651 
0.427596, 0.40528 3, 0 .382726, 0.359938, 0.336934 

0.31 3727, C.290 330, 0. 266759, 0.243027, 0.219149 
0.19 5139, 0.171011 , 0.146780, 0.122461, 0.09 8068 

0.0 73616, 0.049119, 0.024593, C.0000 53, - 0 .024488 
- 0.049014, - 0.073511, - 0.097963, -0 .122 356, - 0.146676 
- 0.170907, - 0.195035, - 0.2,9046, - 0.242925, - 0.266658 
- 0.290230, -0.313627, -0.336835, -0.359840, - 0.382629 

- 0.405187, - 0 .4275 01, - 0. 449557, - 0.471343, - 0. 492845 
- 0.514050, - 0.534945, -0.555518, - 0.575 757, - 0.595648 

-0.61518:, - 0 .634344, - 0.653124, - 0 . 671511, - 0.689493 
- 0 . 707 ,060, - 0. 724201 , - 0. 7 40906, - 0. 757165, - 0 . 772968 
- 0 . 7883 05, - 0.803167, - 0 .8 17545 , - 0. 831431, - 0.844816 
- 0 .857693, - 0. 870052, - 0 .88 1888 , - 0.893192, - 0 . 903959 

- 0.914181, - 0. 923852, - 0 .9 32967, -0.941519, - 0.949505 
- 0. 956919, - 0.963756, - 0.970013, - 0 .9 75686, - 0.980771 

- 0.985265, - 0 .9 89165, - 0.992470, - 0 . 995177, - 0.997285 
- 0 .998792, -0.999697, -1. COOOOO, - 0.999701, - 0.998799 

-0.997296, - 0.995193, - 0.992489 , - 0 .9 89188, - 0.985292 
-0.980801, - 0.975720, -0 .970051, - 0 . 963798, - 0.956965 

- 0 .94955 5 , -0.941573, -0.933023, - 0.92 3912, - 0 .91 4245 
- 0.904026, - 0.893263 , - 0.881962, - 0 . 870130, - 0 .8 57774 

- 0 .844 90:, - 0 .8315 1 9, - 0.817636, - 0 . 903261, - 0 . ~8 8402 
- 0. 773C68, - 0. 757268 , -0. ~41012, - 0. 72 4310, - 0. 707172 

- 0. 6896 ~ 8. -0.671628, - 0.653244 , - 0.6 34466, - 0 .6 1 5306 
-0.595 775, - 0.575886, - 0.555650, - 0.535079, - 0 . 5,4185 

- 0 .492982, - 0 . 471482 , - 0.449698, - 0 .4 27644, - 0.405331 
-0.382 775 , - 0 .35 9988, - 0 . 336984, - 0.31 3777, - 0.290381 

- 0.266810, - 0.243078, - 0.2:noo, - 0 . 195190, -o.17,063 
- 0.146832, - 0.122513, - 0.098120, - 0 . C73 668, - 0 .C49172 
- 0 .024646, :.0000000 

Page 6 



• 

FMA1g3.s 



2/26{}11:37 AM Project:Projecc FMAl g3 .s 
r /•-----------------------------------------------------------------------*/ 

;• FM Synthesis algorithm 3. 
!• 

/* This algorithm gets loaded onto the DSP when the user plays a voice 
t• ot fM synthesis when the configuratio n is set to "3." 

I• 
t• It has 4 oscillators in this arrangement: 
t• 
t• 
f• 
t• 
/* 
/* 

/* 

/* 

/* 

t• 
/* 
/* 

I• 
/* 

t• 
/* 

t• 
/* 

I • 
I • 
I• 

f • 

I • 

I • 

f• COPYRIGHT 

Os c il:ator 2 

V 

Oscillator 1 3 Oscillator 3 

!------------- + ---------1 
V 

Oscillator 4 

0 <- -- - Ou tput 

f• Author Jett Boone, Oregon State University 
I • 

1•------------------------------------------------------------------------•1 
li n cluae <dspregs.h> 
!include "FM_Offsets.h" 
!inc l ude "dspTaskDispatcherO!fsets.a.h" 

.rsect •.prog• 

loo p l : 

l oo p 2 : 

Nex t : 

rlOe • rl6 • DH HADDR • PHYSICAL 
rlOe • •r l O 
r9e - rl7 

r8e • ? ARAAS 
r 7e • 35 

•!°B+• .. a2 • d s-p (• :-9 ++) 

'. ~ ( r 7- - >• Ol pc go to lo op! 

r9e • PARAMS • ,M FrtEOl 

r 8e - I NCl 

r 2e - FREQ_MULT 
r6 e - 2 

: f (:-6 -- >- 0 ) pcgoto loo p2 

r7 e • rl7 

r 2e • •r 7 
:,o p 

FM !' LAGS 

r 2 e , VIEW FLAG 

~ [ (eq) pc :;oto ~ext 

rlO e • r l7 • ~ RET" RN DATA - -
r 2e & HOS:' ~EAD'! FL AG 

'. ~ (e q) pcgoto ~" d l t 

r9e • rl7 
au , a sp(•r 9 ) 

, 2e • TEM? INT 
~o p 

• r2 • al • l nt24 (aO) 
] •nap 

:-2 e - •r2 

1 • PRB or Sample buffer 

/ • host para~e~ers 

/ * Set up I SC: - INC4 

/ * :-2 conta t ~s ! l ags from host 
/ * ~atent. ::-:s : :-·.Jction 
/ * : est t he ~: ew bit 
f • ~e want:: ~ ear it 

; • ;:-,:>int rl ~ :: param bloc K 
; • : e st t he -=s: _r eady b : t 

f • · .o st Is c:: ready 

; • s·~msamp le .5 

; • ~ ~nvert :: o~ integer 

Page 1 
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r 

h ere: 

Next2: 

\. 

nop 

rle - r2 - 240 
r2 - o 
it (ge) pcgot o Next2 

r3e - INDEX 
r2e - ZERO 
r7e - 7 
if (r7-- >- 0) pcgoto here 
•r J++ • aO - •r2 

r4e - NEED TO INIT 
r2e - INIT FLAG 
•r4 • r2e 

pcgoto Endit 

r4e - TEMP INT 
•r4 - r2 
nop 
aO - !loat(•r4) 
2•nop 

•rB - al - ieee(aO) 

r~le - INDEX 
::?e • COMPARE 
r6e • PT FIVE 
al • •rll • •r? 
a2•al-•r6 
r2e • TE..'IP INT 
n op 
•r2 • a2 • lnt (a 2) 
J•nop 
r2e - •!°2 
nop 
r2 • r2•2 
r2 - r2•2 
rle • PARAMS + r2 
r3e • r2 • FM ENV: 
r4e - r3 + 4 
a O • • r4 - • r3 

rSe - ISD EXl INC 
nop 
•rs• al • aO • •• · 

rJe • r2 • f M ENV2 
r4e - rJ • 

:-Se • !SJE X2 I~ C 

nop 
•~5-al•a0 

r3e • r 2 • FM ENVJ 
r4e • r3 • 
aO • •r4 - •rJ 

rSe • ISD EX3 INC 
:i.op 

•rs• al - ao 

rJe • r2 • FM ENV4 
r4e • rJ • 4 
aO ••r 4 -•r J 
r Se • : SDEX4 INC 
c.op 
•rS• al • aO 

r9e • NEE~ TO IN: : 
r2e • •r9 
~op 
:-2e , : ~:T fL AG 

!t (e q) pcqoto No:c . . : 

~2e &- -:SIT FLAG 
• rB - r 2e 

rJe • ?A RAMS + ,'I c~~l 
r4e • I SDEXl 
• r4 • a O • • r J 

Project:Project:FMAlg3.s 

/* Subtract the !rame size 
/* See it we need more samples 
/* need more samples 

/* don't need samples 

'/ 
*/ 

*/ 

*/ 

/* zero out our VAR parameters */ 

/* th ere are 9 o! them */ 
/* Re-initaillze the VAR parameters */ 

/* Zero out the p.irameters */ 

/* Turn on need to init !lag 

/* exit the module 

/* put samples rem.alning in temp 

/* convert to float 

/* Update samples rem.iining 

; • I • COMPARE 
/ • Su btract 0 . 5 for round 

I • a 2 • St a rt 

/ * r2 - Start 

/* r2 - r2 • 4 (!or float size) 

/ • Env[startJ 
/ ' Env[finishJ 
/ * ao • Env [ fin i shj - Env[ start J 

; • Save I~dex i ncrement 1 

/ • £nv[start) 
/ ' Env[finlsh) 
/ ' aO • £ nv [ Unish ) - Env [ starc ) 

f • Sa ve I~d ex i ncrement 2 

/ ' Env [ start) 
/ ' Env[fini s h) 
/ ' aO • E:w [fl nlsh ) - Env [ start ) 

; • Sav e Ind ex in crement 3 

; • Env[s ta r t l 
Env [f'.:,lsh) 

1 • aO • Env[flni sh J - Env [st art ) 

; • Save !~d ex i ncr e ment 4 

Tu rn of ~ l ~it fl ag 

1 • Set ~P Initi a l i ndexes 

•1 

*/ 

*/ 

*/ 

*/ 

• I 
• I 

• I 

•J 

• I 
' / 
• J 

• I 

· / 
• I 
• I 

• I 

• 1 
• I 

' / 
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Noinit: 

Mainloop: 

less l : 

r3e • PARAMS + FM ENV2 
r4e • INOEX2 
• r4 - aO - •r3 

r3e - PARAMS + f11 ENV3 -
r4e - INOEX3 
•r4 - aO - •r3 

r3e - PARAMS + f11 ENV4 -
r4e - INOEX4 
• r4 - ao - •r3 

r7e - 238 
r9e - SINE_SIZE 

rSe - PARAMS + f11_MININDEX1 
rle - PARAMS + f11_MAXINOEX1 
a3 - •rl - •rs 
r6e - INOEXl INC 
r4e - INOEXl 
al - •rs + a3 
•r4 - aO - •r4 

r2e • PHASEl 
r4e • TEMP_INT 

. • r4 
+ •r6 

•r4 • a2 - tnt24 (*r2) 
3'nop 
r4e - •r4 

rle • MODl 
r4 • r4'2 
r4 • r4*2 

rSe • r4 + SINE TABLE 
•rl • aO - •rs • al 

r3e • INCl 
• r2 - a 1 • * r 2 + • r 3 

2*nop 

r3e • TEMP INT 

•r3 • aO • int24('r2) 
3•nop 
rJe - •rJ 
nop 
r3 - 256 
if ( l t) pcgoto : essl 
nap 
•r2 - aO - •r2 - • ~9 

rSe • PARAMS + ~ MININDEX2 
rle • PARAMS + ~ MAXINDEX2 
a3 - *rl - •rs 
r6e • INOEX2 I SC 
r4e • INOEX2 
al - •rS + a3 • •~4 
•r4 - aO - •r4 + •r6 

r2e • PHASE2 

r4e - TEMP INT 
* r 4 - a2 - 1nt 2 4 ( *r2) 

3*nop 
r4e - •r4 
rle • MOD2 

r4 - r4'2 
r4 - r4'2 
rSe • r4 + SINE ~ABLE 
*rl • aO • •rS • al 

r3e • INC2 
al-•r2+*rJ 
r4e • MODl 
rS e - INCl 
•r2 - aO - al • • r4 • •rs 
2*nop 

r3e • TEMP INT 
•r3 - aO • int24 (•r2) 

Project:Project:FMAlg3.s 

/* Loop count (frameSize-2) •/ 

/' a3 - MAX INOEXl - MIN_INOEXl */ 

/* al • (INDEXl • (MAX-MIN)) + MIN • / 

/' INDEXl - INOE.Xl + INOE.Xl_INC •; 

; • r4 • ?HASEl 

f • Multiply by 4 for float ' / 

I ' Need to do lnterpolatl~n 
/ ' SINE_TABLE[PHASEl] • :soEXl 

/' Phasel • Phasel + In c l 

/ ' r3 • ?HASEl 

/ * See i f we 1 re past end cf table 

; • Wrap t o start of table 

/ * a3 • MAX INDEX2 - MIN :SOEX2 

/ ' al • (INDEX2 • (MAX-M!S)) + M! N ' / 

; • Mult:ply by 4 for flea: 

/ * Neea t o do i~terpolat: : ~ 
/ ' SI SE _, ABLE[ PHASE2] • :-;:JEX2 

; • Phase2 - Phase2 + lnc2 

/ ' Phase2 • ?hase2 + (Moc:• r ncl) 

I ' r3 • PHASE2 

'/ 

• j 

• j 

' / 
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less2: 

ok2: 

le ss3: 

\. 

3*nop 
r3e • *r3 
nop 
r3 - 256 
if (lt) pcgoto less2 
nop 
*r2 - ao - *r2 - •r9 
pcgoto ok2 
nop 

r3 - O 
if (gt) pcgoto ok2 
nop 
*r2 s aO • *r2 + *r9 

rSe • PARAMS + ~ MININDEX3 
rle • PARAMS + fJo! MAXINDEX3 
a3 • *rl - •rs 
r6e • INDEX3 INC 
r4e • INDEX3 
al - •rs+ a3 • •r4 
*r4 • ao - *r4 + •r6 

r2e • PHASE3 
r4e - TEMP INT 
*r4 a2 - int24 (*r2) 
3•nop 
r4e • *r4 
rle • MOD3 
r4 • r4*2 
r4 • r4*2 
rSe • r4 + SINE : ABLE 
•rl - aO • •rS • al 

r3e • INC3 
al ... *r2 + •r3 
r4e • MOD2 
rSe • INC2 
*r2 ~ aO - al+ •~4 • •rs 
2*nop 

r3e • TEMP INT 
•r3 • aO - int24 ( *r2) 
3*nop 
r3e .,,,. •r3 
nop 
r3 - 256 
if (lt) pcgoto less3 
nop 
*r2 ~ aO - *r2 - •r 9 

r6e • INDEX4 INC 
r4e • INDEX4 
al = •r4 
*r4 aO = *r4 • •r6 

r2e - PHASE4 
rle - TEMP INT 
•rl • a2 • int (•,:-2) 
3*nop 
rle • *rl 
nop 

rl - rl*2 
rl = rl*2 
rSe • rl + SINE :ABLE 
r6e MOD3 

r8e = rl7 + ,M ,:...~GS 
r3e - • rB 
nop 
r3e & VIEW ,LAG 
if (eq) pcgoto Sound 
nop 

ao = al * •rs 
2*nop 
•rlO++ • aO - ieee (aO ) 
pcgoto Cont 

Project:Project:FMAlg3.s Page4 

/* See if we're past end of table *I 

/* Wrap to start of table */ 

/* Handle negative case */ 

I* a3 - MAX INDEX3 - MIN INDEX3 */ 

/*al• (INDEX3 * (MAX-MIN)) + MIN */ 

/* Multiply by 4 for float */ 

;• Need to do interpolation */ 
/* mod3 • SINE_TABLE[PHASE3J • INDEX3 '/ 

/* Phase3 • Phase3 + Inc3 */ 

/* Phase3 - Phase3 + (mod2 • inc2) •; 

/* r3 • PHASE3 */ 

;• See if we're past end of table '/ 

;• Wrap to start of table 

/* al INDEX4 *I 

/* Multiply by 4 for float '/ 
/* r5 is index into sine table */ 

/* r8 points to host flags */ 

/* r2 contains flags f rom host */ 
/* latent instruction */ 

/* test the view bit '/ 
/* we want to hear it */ 

/* Just viewing */ 

/* Place into sample buffer */ 
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I' 

Sound: 

Cont: 

nop 

•rlO++ • aO ~ •rlO + al • •rs 

r3e • INC4 
rSe • INC3 
rle • INC2 
rBe • MOD2 
al • •r2 + •r3 

r4e • OLD_SIG3 
nop 

a2 - al + •r6 • • rs 
2•nop 

a2 - a2 + •r s • •r l 
2•nop 

Project:Project:FMAlg3.s 

/ 0 Sum into PRB •; 

/* PHASE4 + INC4 •; 

/ 0 PHASE4 + INC4 + (MOD3°INC3) •1 

/ 0 Add Inc2 • Mod2 •1 

•r2 • a3 • a2 - •r4 / 0 PHASE4 + INC4 + M0D3 - OLD_SIG3 */ 

le ss4: 

End It: 

FREQ_MULT: 
COMPARE: 
MAX AMP: 
TE.MP FLOAT: 
TE.MP INT: 
SINE SIZE: 
NUMBER_SAMP: 
A FIFTH: 
MODl: 
MOD2: 
MOD3: 
ONE: 

PT FIVE: 
ZERO: 

PARAMS: 

OLD SIGl: 
OLD SIG2: 
OLD SIGJ: 
INC l: 
INC2 : 
INC3 : 
INC4: 
INDEXl INC: 

INDEX2 INC: 
INDEX3 INC: 
INDEX4 INC: 

2•nop 
r3e • TEMP INT 

•r3 - aO - int24( *r2) 
3°nop 
r3e • •r3 
nop 
r3 - 256 
if (ltl pcgoto less4 
nop 
*r2 • aO • *r2 - *r9 
pcgoto ok4 
nop 

r3 - 0 
if (gt) pcgoto ok4 
nop 
*r2 - aO • *r2 + *r9 

r2e • ONE 

/* r3 • PHASE4 

/* See if we're past end of table 

/* Wrap to start of table 

/• Handle negative case 

•r ll · al• •rll + • r2 /• Increment the index 
if (r7-- >• 0) pcgoto Mainloop / 0 Loop for size of frame 
no p 

rBe • rl7 + FM FLAGS 
r2e,. *rB 

no p 

r2e &• ~HOST READY FLAG 
*r8 - r2e 

return (rlB) 
no p 

/ 0 rB points to host ' flags 
/• r 2 contains flags from host 
/* latent i nstruction 
/° Clea r the host_ready flag 
/ 0 Write flags to memory 

float 
float 
float 
float 
int24 
float 
float 
float 
float 
float 
float 
float 
float 
float 

(256.0/2 4000.0 ) / 0 Sine table size/ Sample rate 0 / 

(1.0/ (24960.0/5.0l l 
(1.0) 

(256. 0) 
24960.0 
(1.0/5.0) 

0.0 
0.0 
o.o 
1.0 

0.5 
a.a 

3 7° float 
float a.a 
float 0.0 

float 
flo at 
float 
floa t 
float 
flo at 
fl oat 
flo at 
float 

a.a 

!•----------------------These are the variable parameters- ----------- •; 
'-

•1 

•1 

•1 

•1 

•1 
•1 

•1 
•1 
•1 
•1 
•1 
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\. 

. rsect ". var" 
INDEX: float 

float 
float 
float 

float 
float 
float 
float 

0 .0 
0.0 
0.0 
0.0 

0.0 
0.0 

0.0 
0.0 

PHASEl: 
PHASE2: 
PHASE3: 

PHASE4: 
IN DEXl: 

INDEX2: 
INDEX3: 
INDEX4: float O. O 
NEED TO_INIT: fltbits OxOOOOOOOl 

/*----- ----------------- This is the sine wave table------------*/ 
. rsect ". tab .. 
SINE_TABLE: float 

float 
float 

float 
float 

float 
float 
float 
float 
float 
float 
float 
float 
float 
float 

float 
float 

float 
float 

float 
float 

float 
float 

float 
fl oat 

float 
flo at 

float 
float 

float 
float 
float 
float 
float 

float 

float 
float 

float 
float 

float 
float 

float 
float 

float 
float 

float 
float 

float 
float 

float 
float 

float 

0.000000, 0.024541, 0.049067, 0.073563, 0.098016 
0.122409, 0 .146728, 0.170959, 0.195087, 0.219098 
0.242976, 0.266708, 0.290280, 0.313677, 0.336884 
0.359889, 0.382677, 0.405235, 0.42 75 48, 0.449604 
0.471389, 0.492891, 0.514095, 0.534990, 0.555562 
0.575800, 0.595691, 0.615223, 0.634384, 0.653164 
0.671550, 0.689531, o. 707097, o. 724238, o. 740942 

o. 757199, o. 773001, o. 788337, 0.803198, 0.817576 
0. 831460, 0. 8 44845, 0. 857720, 0 .870078, 0 .881913 

0.893216, 0.903981, 0.914202, 0.923872, 0.932986 
0.94153 7, 0.949522, 0 .9 56934, 0.963770, 0.970026 

0.975697, 0.980781, 0.985274, 0.9891 73 , 0.992477 
0.995182, 0.997289, 0.998794, 0.999698, 1.000000 

0.999699, 0.998797, 0.997292, 0.995187, 0.992483 
0.989181, 0.985283, 0.980791, 0.975709, 0.970039 

0.963784, 0.956949, 0.949538, 0.941555, 0.933004 
0.923892, 0.914223, 0.904004, 0.893240, 0.881938 

0.870104, 0.857747, 0.844873, 0.831490, 0.817606 
0.803230, 0.788369, 0.773034, 0.757234, 0.740977 

o. 724274, o. 707135, 0.689569, 0.671589, 0.653204 
0.634425, 0.615264, 0.595733, 0.575843, 0.555606 

0.535034, 0.514140, 0.492936, 0.471436, 0 .44 9651 
0.427596, 0.405283, 0.382726, 0.359938, 0.336934 
0.313727, 0.290330, 0.266759, 0.243027, 0.219149 
0.195139, 0.171011, 0.146780, 0.122461, 0.098068 
0.073616, 0.049119, 0.024593, 0.000053, -0.024488 
-0. 049014, -0.073511, -0 .0 97963, -0.122356, -'0.146676 

-0.170907, -0.195035, -0.219046, - 0.242925, -0.266658 
-0.2 90230, -0 .31 3627, -0.336835, - 0.359840, -0.382629 

-0.405187, - 0.427501, -0.449557, -0.471343, -0.492845 
- 0.514050, - 0.534945, - 0.555518, - 0.5 75757, -0.595648 

- 0.615181, - 0.634344, - 0.6 53124, -0.671511, -0.689493 
- 0 . 7070 60, - 0. 724201, - 0. 740906, - 0. 757165, - 0. 772968 

-0. 788 305, -0.803167, -0.817545, -0.831 431, -0 .844816 

- 0 .85 769 3, - 0 .870052, - 0.881888, - 0.893192, - 0.903959 

-0.9 141 81, - 0 . 923852, -0.932967, -0.941519, -0.949505 
- 0.956919, - 0 .963756, - 0. 970013, -0.975 68 6, -0 .980771 

-0 .98526 5, - 0.9 89165, - 0. 992470, -0.995177, -0.997285 

-0.998792, -0.999697, - 1.000000, -0.999701, -0.998799 

-0 .9972 96, -0.995193, - 0.992489, -0.989188, -0.985292 
-0.980801, - 0.975720, - 0.970051, - 0.963798, -0.956965 

-0.949555, - 0.94157 3, - 0.933023, -0.923912, -0.914245 
-0.9 040 26, - 0.893263, -0.881962, - 0.870130 , - 0.857774 

- 0.844901, -0.831519, -0.817636, - 0.803261, -0.788402 
-0. 773068, -0. 757268, - 0. 741012, - o. 724310, -0. 707172 

- 0.689608, -0.671628, - 0.653244, -0.634466, -0 .615306 
- 0.595775, -0.575886, -0.555650, - 0.535079, -0.514185 

-0. 4929 82, - 0.471482 , -0.449698, -0.427644, -0.405 331 
-0.382775, -0.359988, -0.336984, -0.313777, -0.290381 

- 0.266 810, - 0.24307 8, -0.219200, -0.195190, -0.171063 
-0. 146832 , -0.122513, -0.098120, -0.073668, -0.049172 
-0.024646, 0.0000000 
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r 

/* --------------------------- - --------------------------------------------*/ 
/* FM Synthesis algorithm 4. 

I * 
/ * This algorith m gets loaded onto the DSP when the user plays a voice 
/* of FM synthesis when the configuration is set to "4.w 
I* 
/ * It has 4 oscillators in this arrangement: 
/ * 

/ * 

/* 

I* 
/* 

I* 
/* 

/* 

/ * 
/* 

/* 
/* 

/* 
/* 

f• 

1 Oscillator 1 

V 

3 Oscillator 3 

1-------------+ ---------1 

V 

/ * 

/ * 
0 <---- Output 

f• COPYRIGHT 

f• Author Jeff Boone, Oregon State University 
/* 

Oscillator 2 

Oscillator 4 

!•------------------------------------------------------------------------•/ 
tinclude <dspregs.h> 

tinclude "FM_Offsets.h" 
tin clude "dspTask Dispatc he rOffs ets.a.h" 

.rsect 11 .prog 11 

rlOe - rl6 + DH HADDR + PHYSICAL /* PRB or Sample buffer 

loop!: 

loop2: 

Next: 

rlOe - *rlO 
r9e • rl7 /* host parameters 

r8e • PARAMS 

r7e - 35 

*r8++ - a2 - dsp ( •r9+ +) 
if (r7-- >- 0) pcgoto loopl 
nap 

r9e - PARAMS + FM_FREQl 

rBe - INCl 
r2e = FREQ_MULT 
r6e 2 

•rs++ - ao = *r2 * *r9++ 

if (r6-- >= 0) pcgoto loop2 

nap 

r7e rl7 + FM FLAGS 

r2e = * r7 
nap 
r2e & VIEW FLAG 

if (eq) pcgoto Next 
nap 

rlOe • rl7 + FM RETURN DATA 

r2e & HOST READY FLAG 
if (eq) pcgoto Endit 

rBe - rl7 
aO - dsp(*rB) 
r2e - TEMP INT 
nap 
*r2 - al - int24(a0) 
J*nop 
r2e *r2 

nap 

r2e = r2 - 240 

r2 - 0 
if (ge) pcgoto Next2 

r3e = INDEX 

/* number of params - 2 

/* copy over all params 

/* Set up I NCl - INC4 

/* r2 contains flags from host 

/* late nt instruction 
/* te st the view bit 

I* we want to hear it 

/* point rlO to param bloc k 

/* test the host ready bit 
/* host is not ready 

/* NumSamples 

/* convert to an integer 

/* r2 = NumSamples 

/* Subtract the frame size 
/* See if we need mor e samples 

/* need more samples 

/* don•t need samples 

Page 1 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*I 
*I 
*/ 

* I 
* / 

*/ 

*/ 

*I 

*I 

*/ 

* I 
*/ 

*/ 
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here: 

Next2: 

r2e - ZERO 
r7e - 7 
if (r7-- >= 0) pcgoto here 
*r3++ - aO - *r2 
r4e - NEED TO INIT 
r2e - INIT FLAG 
•r4 - r2e 

pcgoto Endit 

r4e - TEMP INT 
*r4 - r2 
nop 
aO = float (*r4) 
2*nop 

•re - al - ieee(aO) 

rlle - INDEX 
r7e - COMPARE 
r6e - PT FIVE 
al • *rl l * *r7 
a2 - al - *r 6 
r2e - TEMP INT 
nop 
*r2 - a2 - int(a2) 
3•nop 
r2e = •r2 
nop 
r2 - r2*2 
r2 - r2*2 
r2e - PARAMS + r2 
r3e - r2 + FM_ENVl 
r4e - r3 + 4 
aO - *r4 - *r3 
rSe - INDEXl INC 
nop 
*r S - al• aO * *r7 

r3e - r2 + FM_ ENV2 
r4e - r3 + 4 
aO - *r4 - •r3 
rSe = INDEX2 INC 
nop 
•rs al aO * * r7 

r3e = r2 + FM_ENV3 
r4e = r3 + 
aO = *r4 - *r3 
rSe INDEX3 INC 
nap 
•rs = al = aO . • r7 

r3e - r2 + FM ENV4 -
r4e = r3 + 
aO = *r4 - *r3 
rSe INDEX4 INC 
nop 
•rs a 1 = aO * • r7 

r8e = NEED TO INIT 
r2e = •rs 
nop 
r2e & INIT FLAG 
if (eq) pcgoto Noinit 

r2e &= - INIT FLAG 
• rB "' r2e 

r3e - PARAMS + FM ENVl 
r4e - INDEXl 
•r4-a 0- *r3 

r3e - PARAMS + FM ENV2 
r4e = INDEX2 
*r4=a0-*r3 

r3e = PARAMS + FM ENV3 
r4e = INDEX3 

Project:Project:FMAlg4.s 

/ * zero out our VAR parameters * / 
/* there are 9 of them * / 
/* Re-initailize the VAR parameters */ 
/* Zero out the parameters 

/* Turn on need to init flag 

/* exit the module 

/* put samples remaining in temp 

/* convert to float 

/* Update samples remaining 

/* I * COMPARE 
/* Subtract o.s for round 

I* a2 = Start 

/* r2 Start 

I• r2 - r2 . 4 (for float size) 

/* Env[startJ 
/* Env[finishJ 
/* aO - Env [ finishJ - Env[startJ 

/* Save Index increment 1 

/* Env[startJ 
/* Env[finish) 
/• ao - Env[finish ) - Env [start I 

/* Save Index increment 2 

/ * Env[startJ 
/* Env[finishJ 
/* aO - Env[finishJ - Env[start) 

/* Save Index 1 ncrement 3 

/* Env[start] 
/* Env[finishJ 
/* aO = Env[finish] - Env[start] 

/* Save Index increment 4 

/ * Turn off init flag 

/* Set up initial indexes 

*/ 

*I 

*/ 

*/ 

*/ 

*I 

*I 
*/ 

*I 

*/ 

*/ 

*/ 
•/ 
*/ 

*/ 

*/ 
*/ 

*/ 

*/ 

*/ 
*/ 

*/ 

*/ 

*/ 
*/ 
*/ 

*/ 

*/ 

*/ 
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No I nit: 

Mai nl oop: 

le ssl: 

* r4 ... aO = *r 3 

r3e - PARAMS + rM ENV4 
r4e = INDEX4 
• r4 - aO • • r3 

r7e - 238 
r9e - SINE_SIZE 

rSe • PARAMS + fM MININDEXl 
rle • PARAMS + rM_MAXINDEXl 
a3 = *rl - •rs 
r6e • INDEXl INC 
r4e - INDEXl 
al • *rS + a3 • *r4 
*r4 - aO • *r4 + *r6 

r2e • PHASEl 
r4e • TEMP INT 

• r4 - a2 - int24 (*r2) 
3•nop 

r4e - *r4 
rle - MODl 
r4 - r4 *2 
r4 - r4*2 

rSe • r4 + SINE TABLE 
*rl - aO • *rS * al 

r3e • INCl 
* r2 • al - * r2 + *r3 
2*nop 

r3e • TEMP INT 
• r3 - aO - int24( *r2) 
3•nop 
r3e - *r3 
nop 
r3 - 256 
if (lt) pcgoto lessl 
n op 
*r2 - aO • *r2 - *r9 

rSe = PARAMS + fM MININDEX2 
rle = PARAMS + fM MAXINDEX2 
a3 = *rl - • rs 
r6 e • INDEX2 INC 
r4e • INDEX2 
al= *rS + a3 * *r4 
*r4 aO - *r4 + *r6 

r2e • PHASE2 
r4e • TEMP INT 
*r4 • a2 • int24 (*r2) 
3*nop 

r4e - *r4 
rle - MOD2 
r4 = r4 *2 
r4 - r4*2 
rSe • r4 + SINE TABLE 
*rl - aO • •rs * al 

r3e • INC2 
al = *r2 + *r 3 
r4e = MODl 
r5e - INCl 
*r2 - aO ca l + *r4 • •rs 
2*nop 

r3e = TEMP INT 
•r3 - aO - int 24 (* r2) 
3*nop 

r3e - *r3 
nop 
r3 - 256 
if ( lt ) pcgot o less2 
nop 
* r2 - aO • *r2 - *r 9 

Project:ProjectFMAlg4.s 

/* Loop count (frameSize-2) */ 

/* a3 • MAX_INDEXl - MIN INDEXl •; 

/*al • (INDEXl • (MAX-MIN)) + MIN */ 
/* INDEXl • INDEXl + INDEXl INC */ 

I• r4 • PHASEl 

/* Multiply by 4 for float 

/* Need to do interpolation 
/* SINE_TABLE[PHASEl] • INDEXl 

/* Pha sel - Phasel + I ncl 

I• r3 • PHASEl 

;• See if we're past end of table 

/* Wrap to start of table 

/* a3 MAX_INDEX2 - MIN INDEX2 

•; 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

•; 

/* al ( INDEX2 • (MAX-MIN)) + MIN • / 

/ * Multiply by 4 fo r flo at 

/ * Need to do interpolation 
/* SINE_TABLE(PHASE2J • INDEX2 

/* Phase2 = Phase2 + In c2 

/• Ph a se 2 • Phase2 + (Modl*I n cl) 

I• r3 • PHASE2 

/* See if we' re p a st end of table 

/ * Wr ap to start of ta b le 

*/ 

*/ 

*/ 

*/ 

•; 

*/ 
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less2: 

less3: 

ok3: 

Sound: 

r6e • INDEX3 INC 
r4e • INDEX3 
al• •r4 
•r4 - a0 - •r4 + •r6 

r2e - PHASE3 
r4e - TEMP INT 
•r4 • a2 - int24 (•r2) 
3•nop 
r4e • •r4 
rle • MOD3 
r4 - r4•2 
r4 - r4•2 
rSe • r4 + SINE_TABLE 
•rl - a0 - •rs • al 

r3e • INC3 
al • •r2 + •r3 
r4e • MODl 
rSe - INCl 
*r2 - aO • al + *r4 * *rS 
2•nop 

r3e - TEMP INT 
•r3 - a0 - int24(•r2) 
3*nop 

r3e • •r3 
nop 

r3 - 256 
if (lt) pcgoto less3 
nap 
*r2 - aO • *r2 - •r9 
pcgoto ok3 
nap 

r3 - 0 
if (gt) pcgoto ok3 
nap 
*r2 z aO = *r2 + *r9 

r6e - INDEX4 INC 
r4e • INDEX4 
a 1 = • r4 
*r4 - aO • *r4 + *r6 

r2e PHASE4 
rle TEMP INT 
•r! a2 = lnt (*r2) 
3*nop 
rle ""' *rl 
nap 
rl = rl*2 
rl = rl*2 
rSe rl + SINE_TABLE 
r6e = MOD3 

aO = •r6 + al * •rs 
rle - PT FIVE 
nap 
aO = aO * *rl 

2•nop 

r8e • rl7 + FM FLAGS 
r3e - *rB 

nap 
r3e & VIEW FLAG 
lf (eq) pcgoto Sound 
nop 

a0=a l* *r5 
2*,iop 

*r l 0++ - a0 - ieee(a0) 
pcgoto Cont 
nop 

*rl0++ = a0 = *rl0 + a0 

Project:ProjectFMAlg4.s 

/• al - INDEX3 
/* INDEX3 - INDEX3 + INDEX4 INC 

/* Multiply by 4 for float 

•1 
•1 

*/ 

/* rS points to sine table */ 

!• mod3 - SINE_ TABLE[PHASE3] • INDEX3 */ 

;• Phase3 • Phase3 + IncJ 

/* Phase3 + Inc3 + (modl • incl) 

I* r3 • PHASE3 

/* See if we're past end of table 

/* Wrap to start of table 

;• Handle nega~ :v e case 

I* al • INDEX4 
/* INDEX4 - IICEX4 + INDEX4 INC 

/* Multiply by 4 for float 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

/* Mod3 + (En ve l ope * Sine[PHASE4 J */ 

/* Divide by 2 */ 

/* r8 points t= host flags */ 
1• r2 contains :l ags from host */ 
/* latent inst.:: .. Jction */ 
/* te st the view bit • I 
I• we want to :--.e ar it */ 

/* Just viewir .:; */ 

I* Place into .sample buffer */ 

/* Sum into P?-3 *I 
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Cont: r3e • INC4 

r5e - INC2 
r6e - MOD2 
al - *r2 + *r3 
r4e • OLD SIG3 
nap 
a2 - al + •r6 • •rs 
2•nop 

Project:Project:FMAlg4.s 

/• PHASE4 + INC4 */ 

/• PHASE4 + INC4 + (MOD2•INC2) •1 

•r2 • a3 • a2 - •r4 /• PHASE4 + INC4 + MOD3 - OLD_ SIG3 •; 

\. 

less4: 

ok4: 

End It: 

f'REQ_MULT: 
COMPARE: 
TEMP INT: 
SINE SIZE: 
NUMBER_SAMP: 
A f'I f'TH: 

MODl: 
MOD2: 
MOD3: 
ONE: 
PT f'IVE: 

ZERO: 

PARAMS: 
OLD SlGl: 
OLD SIG2: 
OLD SIG3: 
INCl: 
INC2: 
INC3: 
JNC4: 
INDEXl INC: 
INDEX2 INC: 
JNDEX3 INC: 
INDEX4 INC: 

2•nop 

r3e • TEMP INT 
•r3 • aO • int24(•r2) 
3*nop 
r3e - •r3 
nap 
r3 - 25 6 
if (lt) pcgoto less4 
nap 
*r2 - aO - *r2 - *r9 
pcgoto olc4 

nap 

r3 - 0 
if (gt) pcgoto olc4 
nap 
*r2 • aO z *r2 + *r9 

r2e • ONE 

!• r3 • PHASE4 

;• See if we're past end of table 

;• Wrap to start of table 

/• Handle negative case 

*rll • al • *rll + •,2 ;• Inc rement the index 
if (r7-- >· 0) pcgoto Mainloop /* Loop for size of frame 
nap 

r8e • rl7 t 

r2e • *r8 
nap 
r2e &- -HOST 
•ra • r2e 

return (rlB) 
nap 

f'M f'LAGS /* 
/* 
/* 

READY f'LAG 1• 
/* 

rB points to host flags 
r2 contains flags from host 
latent instruction 
Clear the host _ready flag 
Write flags to memory 

float 
float 
int24 
float 
float 
float 
float 

float 
float 
float 
float 
float 

(256.0/24 00 0.0) /* Sine table size/ Sample rate*/ 
(1.0/ (24960.0/5.0)) 

( 256. 0) 
24960.0 
(1.0/5. 0) 
0.0 
0.0 
0.0 
1.0 
0.5 
0.0 

37• float 
float 0.0 
float 0.0 
float 0.0 
float 
float 
float 
float 
float 
float 
float 
float 

/*---------------- ------ These are th e variable parameters-- - --------- */ 

. rsect " . var" 
INDEX: float o.o 
PHASEl: float 0 .0 
P HASE2: float 0 .0 
PHASE3: float 0.0 
PHASE4: float 0.0 
INDEX!: float 0 .0 
INDEX2: float 0.0 
INDEX3: float 0.0 

•1 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

•1 
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INDEX4: float O. 0 
NEED TO_ INIT: fltbits OxOOOOOOOl 

;•---------------------- This is the sine wave table------------•; 
.rsect •.tab" 
SINE_TABLE: float 

float 
float 
float 
float 
float 
float 
float 
float 
float 
float 
float 

float 
float 
float 
float 
float 
float 
float 
float 
flo at 
float 
float 
float 
float 
float 
float 
float 
float 
float 
float 
float 
float 
float 
float 
float 
float 
float 
float 
float 
float 
float 
float 
floa t 
flo at 
float 
float 
float 
float 
float 
float 
float 

0.000000, 0.024541, 0.049067, 0 . 073563, 0.098016 
0.122409, 0.146728, 0.170959, 0.195087, 0.219098 
0 .242 976, 0.266708, 0.290280, 0.313677, 0.336884 
0 .3598 89, 0.382677, 0.405235, 0.427548, 0.449604 
0.471389, 0.492891, 0.514095, 0.534990, 0.555562 
0.575800, 0.595691, 0.615223, 0.634384 , 0.653164 

0.671550, 0.689531, o. 707097, o. 724238, o. 740942 
o. 757199, o. 773001, o. 788337, 0.803198, 0.817576 
0.831460 , 0.844845, 0.857720, 0.8 70 078 , 0.881913 
0 .89321 6, 0.903981, 0.914202, 0 .9238 72, 0.932986 

0.941537, 0.949522, 0.956934, 0.963770, 0.970026 
0.975697, 0.980781, 0.985274, 0.989173, 0.992477 

0.995182, 0.997289, 0.998794, 0.999698 , 1.000000 
0.999699, 0.998797, 0.997292, 0.995187, 0.992483 

0.989181, 0.985283, 0.980791, 0.975709, 0.970039 
0.963784, 0.956949, 0.949538, 0.941555, 0.933004 

0.923892, 0.914223, 0.904004, 0.893240, 0.881938 
0.870104, 0.857747, 0.844873, 0.831490, 0.817606 

0.803230, o. 788369, o. 773034 , o. 757234, o. 740977 
o. 724274, o. 707135, 0.689569, 0.671589, 0.653204 
0.634425, 0.615264, 0.595733, 0.575843, 0.555606 
0.535034, 0.514140, 0.492936, 0.471436, 0.449651 

0.427596, 0.405283, 0.382726, 0.359938, 0.336934 
0.313727, 0.290330, 0.266759, 0.243027, 0.219149 

0 . 1 95139, 0.171011, 0.146780, 0.122461, 0.098068 
0.073616, 0.049119, 0.024593, 0.000053, -0.024488 

-0.049014, -0.073511, -0.097963, - 0.122356, -0.146676 
-0.170907, -0.195035, -0.219046, - 0.242925 , -0.266658 

- 0.290230, -0.313627, -0 . 336835, -0.359840, -0.382629 
-0.405187, - 0.427501, -0.449557, - 0.471343 , -0.492845 

- 0.514 050, -0.5349 45, -0.555518, - 0.57 5757, -0.595648 
- 0. 615181, -0.634344, -0.653124, -0.671511, -0.689493 

-o. 707060, -o. 724201, -o. 740906, -o. 757165, -0. 772968 
-o. 788305, -0.803167, -0.817545, - 0.8314 31, -0.844816 

-0.857693 , -0.870052, -0 .8 81888, -0.893192, -0 .9 03959 
-0.91418 1, -0.923852, -0.932967, - 0.941 519, -0.949505 

-0.956919, -0.963756, -0.970013, -0.975686, -0.980771 
-0.985265, -0.989165, -0.992470, - 0.995177, -0.997285 
- 0.998792, -0.999697, -1.000000, - 0.999701, -0 .998799 
-0.997296, - 0.995193, -0.992489, - 0.989188, -0.985292 
-0 .980801, - 0.975720, - 0.9 7 0051, -0.963798, - 0.956965 
- 0.949555, - 0.941573, -0.933023, - 0.92 3912, -0.914245 

- 0.904026, - 0.89326 3, - 0 .881962, - 0.87013 0, -0.857774 
-0.844901, - 0.831519 , -0.817636, - 0.8032 61, - 0.788402 
-0. 773068, - 0. 757268, -o. 741012, -o. 724310, -0. 707172 

- 0.689608, - 0.671628 , -0.653244, - 0.634466, -0.6153 06 
- 0 .59577 5, -0.575886, - 0.555650, - 0 .535079 , - 0.51418 5 
- 0.492982, - 0.47 1482, -0.449698, - 0.427644, -0 .405331 

- 0.382775, -0.359988, -0.336984, -0.313777, -0 .290381 
-0.266810, -0.243078, -0 .21 9200, -0 .195190, -0 . 171063 

-0.146832, - 0.122 513, -0.098120, -0.073668, - 0.049172 
-0.024646, 0.0000000 
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/*-----------------------------------------------------------------------•! 
/* FM Synthesis algorithm 5. 
/* 

/* This algorithm gets loaded onto the DSP when the user plays a voice 
/* of FM synthesis when the configuration is set to ~s.• 
/* 

/* It has 4 oscillators in this arrangement: 
/* 
/* 

/* 
/* 

/* 
/* 

/* 
/* 

/* 
/* 

/* 
/* 

I* 
/* 

/* 
/* 

I* 
/* 

/* COPYRIGHT 

1 Osc 1 

V V V 

2 Osc 2 3 Osc 3 Osc 4 

1---------------1---------------1 
+ 
0 <---- Output 

/• Author Jeff Boone, Oregon State University 
/* 

/*------------------------------------------------------------------------•! 
finclude <dspregs.h> 
finclude "FM Offsets.h" 
finclude "dspTaskDispatcherO f fsets.a.h" 

. rsect •. prog" 
rlOe - rl6 + DH HADDR + PHYSICAL /* PRB or Sample buffer 

loopl: 

loop2: 

Next: 

rlOe - •rlO 
r9e - rl7 /* host parameters 

rBe - PARAMS 
r7e - 35 /* number of params - 2 

*rB++ - a2 • dsp (*r9++) 
if (r7 - - >- 0) pcgoto loopl 
nop 

r9e - PARAMS + FM_FREQl 
rBe INCl 
r2e FREQ_MULT 
r6e - 2 

•re++ - ao - *r2 • *r9++ 
if (r6-- >• 0) pcgoto loop2 
nop 

r7e - rl7 + FM FLAGS 
r2e = • r7 
nop 
r2e & VIEW FLAG 
if (eq) pcgoto Next 
nop 

rlOe - rl7 + FM RETURN DATA 
r2e & HOST_READY FLAG 
if (eq) pcgoto Endit 

rBe • rl7 
aO = dsp(*rB) 
r2e TEMP INT 
nop 
*r2 al • int24(a0) 
3*nop 
r2e = •r2 
nop 

r2e = r2 - 240 
r2 - 0 
if (ge) pcgoto Next2 

/* copy over all params 

I* Set up INCl - INC4 

/* r2 contains flags from host 
/* latent instruction 
/* test the view bit 
/* we want to hear it 

/* point rlO to param block 
/* test the host ready bit 
/* host is not ready 

/* NumSamples 

/* convert to an integer 

/* r2 - NumSampl es 

/* Subtract the frame size 
/* See if we need more samples 
/* need more samples 

*I 

*I 

*/ 

*/ 

*/ 

*I 
*I 
*/ 

*/ 

*I 
*/ 

*/ 

*/ 

•1 

*/ 

*I 
*I 
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here: 

Next2: 

r3e • INDEX 
r2e • ZERO 
r7e - 7 
if (r7-- >• 0) pcgoto here 
*r3 ++ - aO • *r2 
r4e • NEED TO INIT 
r2e • INIT FLAG 
*r4 - r2e 

pcgoto Endit 

r4e • TEMP INT 
*r4 • r2 
nap 
aO • float (*r4) 
2*nop 
•rs• al - ieee(aO) 

rlle • INDEX 
r7e • COMPARE 
r6e • PT FIVE 
al • *rll • *r7 
a2 • al - • r6 
r2e • TEMP INT 
nap 
*r2 • a2 - int(a2) 
3*nop 
r2e - *r2 
nap 
r2 - r2*2 
r2 • r2*2 
r2e • PARAMS + r2 
r3e • r2 + FM_ENVl 
r4e • r3 + 4 
aO - *r4 - *r3 
rSe = INDEXl INC 
nap 
*r5 - al = aO * *r7 

r3e = r2 + FM_ENV2 
r4e = r3 + 4 
aO =- *r4 - *r3 
rSe • INDEX2 INC 
nap 
•r s - al = aO • •r7 

r3e r2 + FM ENV3 
r4e • r3 + 4 

aO ""' *r4 - *r3 

rSe INDEX3 INC 
nap 
•rs al ao * •r7 

r3e • r2 + FM ENV4 
r4e • r3 + 4 
aO = *r4 - *r3 
rSe = INDEX4 INC 
nap 
• rs - al~ aO • •r7 

r8e • NEED_TO_INIT 
r2e • r8 
nap 
r2e & INIT FLAG 
if (eq) pcgoto Noinit 

r2e &= -INIT FLAG 
*rB - r2e 

r3e • PARAMS + FM ENVl 
r4e • INDEXl 
*r4-a0=*r3 

r3e = PARAMS + FM ENV2 
r4e = INDEX2 
*r4 - aO • *r3 

r3e = PARAMS + FM ENV3 

Project:Project:FMAlg5.s Page 2 

" I* don't need samples */ 
I* zero out our VAR parameters *I 
/* there are 9 of them */ 

/* Re-initailize the VAR parameters *I 
I* Zero out the parameters */ 

I* Turn on need to init flag */ 

/* exit the module */ 

I* put samples remaining in temp */ 

/* convert to float */ 

/* Update samples remaining */ . 

/* I * COMPARE */ 
I* Subtract o.s for round *I 

f• a2 = Start •f 

f• r2 • Start •f 

/' r2 • r2 * 4 (for float size) •f 

I* Env[startJ */ 
I* Env[finishJ •f 
I* aO - Env[finishJ - Env [start I */ 

I* Save Index increment 1 •f !• INDEX INCl = ao * COMPARE 

/* Env[startJ */ 

/* Env[finishJ •f 
/* aO - Env[finishJ - Env (start I •f 

I* Save Index increment. 2 •f 

/* Env[startJ •f 
I* Env [ finish] •f 
I* aO = Env[finishJ - E:nv [start] *I 

f• Save Index increment 3 */ 

1• Env[startJ •f 
/* Env [ finishJ •f 
/* aO - Env[finishJ - Env[startJ • 1 

I * Save Index increment. 4 *I 

/* Turnoff init flag •f 

/* Set up initial indexes *I 
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Noinit: 

Mainloop: 

less l: 

r4e INDEX3 
*r 4 "'"' aO a *r 3 

r3e • PARAMS + FM ENV4 
r4e • INDEX4 

•r4 - aO - •r3 

r7e - 238 
r9e • SINE SIZE 

rSe - PARAMS + FM MININDEXl 
rle - PARAMS + fM_~.AXINDEXl 
a3 - •rl - •rs 
r6e - INDEXl INC 
r4e - INDEXl 
al - •rs+ a3 • •r4 
•r4 - aO - •r4 + *r6 

r2e - PHASEl 
r4e - TEMP INT 
•r4 - a2 - int24 (*r2) 
3•nop 
r4e - *r4 
rle - MODl 
r4 = r4*2 
r4 = r4*2 

r5e - r4 + SINE TABLE 
*rl - aO = •rS • a l 

r3e - INCl 
•r2 • al - *r2 + •:-3 
2*nop 

r3e - TEMP INT 
•r3 - aO - i nt24(•~2) 
3*nop 
r3e • *r3 
nop 
r3 - 256 
if (lt) pcgoto lessl 
nop 
• r2 aO - •r2 - •:-9 

r6e • INDEX2 INC 
r4e • INDEX2 
al= •r4 
*r4 = aO - *r4 + •~6 

r2e • PHASE2 
r4e TEMP INT 
*r4 - a2 - int24 ( •~2) 
3*nop 
r4e ,... •r4 
rle = MOD2 
r4 r4*2 
r4 • r4*2 

r5e • r4 + SINE TABLE 
r3e = PT FIVE 
*rl - aO - al * •:-5 

r3e • INC2 
al-*r2+•r3 
r4e • MODl 
rSe • INCl 
*r2 c aO - al + ·=-~ • •rs 
2•nop 

r3e - TEMP INT 
•r3 - ao - int24(•~2) 
3*nop 
r3e - • r3 
nop 
r3 - 25 6 
if (lt) pcgoto less2 
nop 
*r2 • aO - • r2 - •~9 
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/* Loop count (frameSize-2) •1 

/* a3 - MAX INDEXl - MIN INDEXl *I 

/* al - (INDEXl * (MAX-MIN)) + MIN */ 
/* INDEXl - INDEXl + INDEXl INC */ 

/* r4 - PHASEl 

/* Multiply by 4 for float 

/* Need to do interpolation 
/* SINE_TABLE[PHASEl] * INDEXl 

/* Phasel - Phasel + Incl 

/* r3 - PHASEl 

/* See if we're past end of table 

/• Wrap to start of table 

/* al = INDEX2 
/* INDEX2 • INDEX2 + INDEX2 INC 

/* r4 = PHASEl 

/* Multiply by 4 for float 

/* rS is index into sine table 

/* SINE_TABLE[PHASE2] • INDEX2 

/* al = Phase2 + Inc2 

*I 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

/* Phase2 • Phase2 + Inc2 + (MODl*INCl) */ 

I* r3 - PHASE2 

/* See if we're past end of table 

/* Wrap to start of table 
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less2: 

ok2: 

less3: 

ok3: 

r3 - 0 
if (gt) pcgoto ok2 
nop 
*r2 • a0 - *r2 + *r9 

r6e • INDEX3 INC 
r4e • INDEX3 
al • *r4 
*r4 • aO • *r4 + *r6 

r2e • PHASE3 
r4e • TEMP INT 
•r4 • a2 • int24 (*r2) 
3 *no p 
r4e • *r4 
rle • MOD3 
r4 • r4*2 
r4 - r4 *2 
rSe • r4 + SINE_TABLE 
*rl • a0 • •rS • al 

r3e • INC3 
al • *r2 + *r3 
r4e • MODl 
rSe INCl 
*r2 - aO • al + *r4 * •rs 
2*nop 

r3e • TEMP INT 
*r3 • a0 • int24 ( *r2 ) 
3*nop 
r3e • *r3 
nop 
r3 - 256 
if (lt) pcgoto less3 
nop 
*r2 • aO - *r2 - *r9 
pcgoto ok3 
nop 

r3 - 0 
if (gt) pcgoto ok3 
nop 
*r2 ~ aO • *r2 + *r9 

r6e = INDEX4 INC 
r4e • INDEX4 

a 1 - • r4 
*r4 = aO - *r4 + *r6 

r2e = PHASE4 
rle • TEMP INT 
•rl • a2 = int(*r2) 
3*nop 

rle - *rl 
nop 

rl = rl*2 
rl = rl*2 

rSe • rl + SINE TABLE 
r6e = MOD3 
a0 = •r6 + al * *rS 
r3e = MOD2 
nop 
a0 - ao + • r3 
rle = PT THREE 
nop 
aO = aO * • rl 
2*nop 

rBe • rl7 + FM FLAGS 
r3e = *rB 
nop 
r3e & VIEW FLAG 
if (eq ) pcgoto Sound 
nop 

aO ""' al • * r5 
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/* Handle negative case 

I• al • INDEX3 

/* INDEX3 • INDEX3 + INDEX3 INC 

/* Multiply by 4 for float 

*/ 

*/ 

*/ 

*/ 

/* Need to do interpolation */ 

/* mod3 • SINE_TABLE[PHASE3] * INDEX3 */ 

/* Phase3 - Phase3 + Inc3 

/* Phase3 + Inc3 + (modl • incl) 

I • r3 • PHASE3 

/ * See if we're past end of table 

/* Wrap to start of table 

/* Handle negative case 

/* al • INDEX4 

/* INDEX4 = INDEX4 + INDEX4 INC 

/• Multiply by 4 for float 

/ * Mod3 + Carrier 

/* Mod3 +Carrier+ Mod2 

/* Divide by 3 

/ * rB points to host flags 
/ * r2 contains flags from host 
I• latent instruction 
/• test the view bit 
/* we want to hear it 

/* Just viewing 

*/ 

*/ 

*I 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

•/ 

*/ 

*/ 

*/ 

.* I 
*/ 

*/ 

*/ 

*/ 
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Sound: 

Cont: 

less4: 

ok4: 

End It: 

FREQ_MULT: 
COMPARE: 

TEMP INT: 
SINE SIZE: 
NUMBER_ SAMP: 
A FIFTH: 
MODl: 
M0D2: 
MOD3: 
ONE: 
PT FIVE: 
PT THREE: 
ZERO: 

PARAMS: 
OLD SIGl: 
OLD SIG2: 
OLD SIG3: 
INCl: 
INC2: 
INC3: 
INC4: 
INDEXl INC: 
INDEX2_INC: 
INDEX3 INC: 
INDEX4_INC: 

2*nop 
*rlO++ • aO 
pcgot o Cont 
nap 

•rlO++ - aO 

r3e • INC4 
al ~ •r2 + 

r4e - MODl 
rSe - INCl 

- ieee(aO) 

• *rlO + al . 

*r3 

*r2 a aO •al+ *r4 • *r5 
2*nop 

r3e • TEMP INT 

•r3 - ao - int24(*r2) 
3*nop 

r3e - *r3 
nap 
r3 - 256 
if (lt) pcgoto less4 
nap 
• r2 - aO • •r2 - *r9 
pcgoto ok4 
nap 

r3 - 0 
if (gt) pcgoto ok4 
nap 
• r2 • aO - •r2 + •r9 

r2e • ONE 

!• Place into sample buffer */ 

•rs /* Sum into PRB */ 

/* PHASE4 + INC4 */ 

/* PHASE4 • PHASE4 + (MODl*INCl) •1 

/* r3 - PHASE4 •1 

/* See if we're past end of table •/ 

/* Wrap to start of table */ 

/• Handle negative case •f 

*rll • al • •rll + •r 2 /* Increment the index */ 

•! if (r7-- >- 0) pcgoto Mainloop /* Loop for size of frame 
nap 

ree - rl7 + 
r2e - •re 
nap 
r2e &- -HOST 
•re - r2e 

return (rle) 
nap 

float 
float 
int24 
float 

float 
float 
float 
float 
float 
float 
float 
float 
float 

37• float 
float 
float 
float 
float 
float 
float 
float 
float 
float 
float 
float 

FM FLAGS -

READY FLAG - -

(256.0/24000 . 0) 
(1.0/ (24960.0/5.0)) 

(256. 0) 
24960.0 
(1.0/ 5. 0) 
0.0 
0.0 
0.0 
1.0 
0. 5 
0.3933333 
0.0 

0.0 
0.0 
0.0 

/* re points to host flags 
/* r2 contains flags from host 
/* la tent instruction 
/* Clear the host _ ready flag 
!• Write flags to memory 

/* Sine table size/ Sample rate*/ 

*/ 

*/ 

*I 
*/ 

*/ 

/*---------------------- These are the variable parameters--- --------- •/ 
. rsect " . var" 
INDEX: float 0.0 
PHASEl: float 0.0 
P HASE2: float o.o 
PHASE3 : float 0.0 
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PHASE4: float 0.0 
INDEXl: float 0.0 
INDEX2: float o.o 
INDEX3: float o.o 
INDEX4: fl oat o.o 
NEED TO_INIT: fltbits OxOOOOOOOl 

/*- --------------------- This is the sine wave table------------*/ 
.rsect •. tab• 
SINE _TABLE : float 0.000000, 0.024541, 0.049067, 0.073563, 0.098016 

float 0.122409, 0 .146728, 0.170959, 0.195087, 0.219098 
float 0.242976, 0.266708, 0.290280, 0.313677, 0.336884 
float 0 .359889, 0.382677, 0.405235, 0.427548, 0 .4496 04 
float 0.471389, 0. 4 92891, 0.514095, 0.534990, 0.555562 
float 0.575800, 0.595691, 0.615223, 0.634384, 0.653164 
float 0. 671550, 0.689531, 0.707097, 0.724238, 0. 740942 
float 0.757199, 0.773001, o. 788337, 0.803198, 0 .817 576 
float 0.831460, 0.844845, 0 .857720, 0.870078, 0.881913 
float 0.893216, 0. 903981, 0. 914202, 0.923872, 0.932986 
float 0.941537, 0. 949522, 0. 956934, 0. 963770, 0.970026 
float 0.975697 , 0. 980781, 0.985274, 0. 989173, 0.992477 
float 0. 995182, 0. 997289, 0. 998794, 0.999698, 1.000000 
float 0. 999699, 0.998797, 0. 997292, 0. 995187, 0.992483 
float 0.989181, 0. 985283, 0.980791, 0.975709, 0. 970039 
float 0. 963784, 0.956949, 0.949538, 0.941555, 0.933004 
float 0. 923892, 0. 914223, 0.904004, 0.893240, 0.881938 
float 0.870104, 0.85774 7 , 0.8448 73, 0.831490, 0.817606 
float 0.803230, 0. 788369, 0.773034, 0.757234, 0.740977 
float 0.724274, 0.707135, 0 . 689569, 0.671589, 0.653204 
float 0.634425, 0.6152 6 4, 0.595733, 0.575843, 0.555606 
float 0.535034, 0.514140, 0 .492936, 0.471436, 0.449651 
float 0.427596, 0.405283, 0.382726, 0.359938, 0.336934 
float 0.313727, 0. 290330, 0 . 266759, 0 . 243027, 0.219149 
float 0.195139, 0.171011, 0.146780, 0.122461, 0.098068 
float 0.073616, 0.049119, 0.024593, 0.000053, -0.024488 
float -0.049014 , -0.073511, -0.097963, -0.122356, -0 .146676 
float -0.170907, - 0 .195035, -0. 219046, -0.242925, -0.266658 
float -0.290230, - 0.31362 7 , - 0.336835, -0.359840, -0 . 382629 
float -0.405187, -0.427501, -0.449557, -0.471343, -0 .492845 
float -0.514050, - 0 .534945, -0.555518, -0.575757, - 0.595648 
float -0 .615181, -0. 63434 -4, - 0.653124, -0.671511, - 0.689493 
float -0. 707060, - 0. 724201, - 0.740906, -0 . 757165, -0.77 2968 
float -0.788305, -0.803167, - 0.817545, -0.831431, - 0.8448 16 
float -0.857693, - 0.870052, -0.881888, -0.893192, -0.903959 
float -0.914181, -0. 923852, -0.932967, -0.941519, -0.949505 
float -0.956919, -0.963756, - 0.970013, -0.975686, - 0.980771 
float -0. 985265, -0.989165, -0 . 992470, - 0. 995177, -0. 997285 
float -0. 998792, - 0. 999697, -1. 000000, -0.999701, - 0.998799 
fl oat -0.997296, -0.995193, -0. 992489, -0.989188, - 0. 985292 
float -0.980801, - 0.975 7 20, -0.970051, -0.963798, -0.956965 
float -0. 949555, -0.941573, -0.933023, -0.923912, -0.914245 
float -0.904026, - 0. 893263, - 0.881962, - 0.870130, -0.857774 
float -0 .844901, -0. 831519, -0.817636, -0.803261, -0.788402 
float -0.7730 68, -o. 757268, -0. 741012, -0.724310, -0.707172 
float -0.689608, -0 . 671628, -0.653244, - 0.634466, -0.615306 
float -0 .595775, -0. 575886, - 0.555650, - 0. 535079, -0. 514185 
float -0.492982, -0.471482, -0. 449698, -0.427644, - 0.405331 
float -0.382775, -0.359988, -0.336984, -0.313777, -0.290381 
float -0.266810, -0.243078, - 0.219200, -0.195190, -0.171063 
fl o at -0.146832, -0.122513, - 0.098120, -0 .073668, - 0.049172 
float -0.024646, 0.0000000 

\. 
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!*------------------------------------------------------------------------*! 
/* FM Synthesis algorithm 6. 
/* 

/* This algorithm ge ts loaded onto the DSP when the user plays a voice 
/* of FM synthesis when the configuration is set to ~6." 
/* 

/* It has 4 oscillators in this arrangement: 
/* 
/* 

/* 

/* 1 Osc 1 
/* 
/* 

/* 
/* 

/* 
/* 

I* 
/* 

I* 
I* 
I* 
/* 

I* 
/* 

/* COPYRIGHT 

V V 

2 Osc 2 3 Osc 3 4 Osc 4 

1---------------1---------------1 
+ 

0 <---- Output 

/* Author Jeff Boone, Orego n State University 
I* 
/*------------------------------------------------------------------------·! 
finclude <dspregs.h> 
tinclude "FM Offsets.h• 
finclude "dspTaskDispatcherOffsets.a.h" 

.rsect ".prog" 

loopl: 

loop2: 

Next: 

\.. 

rlOe • rl6 + DH HADDR + PHYSICAL 
rlOe • *rlO 
r9e - rl7 

r8e - PARAMS 
r7e 35 

*r8++ • a2 = dsp (*r9++) 
if (r7-- >• 0) pcgoto loopl 
nap 

r9e - PARAMS + FM_FREQl 
rBe - INCl 
r2e - FREQ_MULT 
r6e = 2 

*r8++ • aO = •r2 * *r9++ 
if (r6-- >• 0) pcgoto loop2 
nap 

r7e = rl7 + FM FLAGS 
r2e - •r7 
nap 
r2e & VIEW FLAG 
if (eq) pcgoto Next 
nap 

rlOe - rl7 + FM RETURN DATA 
r2e & HOST READY FLAG 
if (eq) pcgoto Endit 

rBe • rl 7 
aO - dsp(*rB) 
r2e - TEMP INT 
nap 
•r2 • al - l nt24(a0) 
3*nop 
r2e .... •r2 
nap 

r2e - r2 - 240 
r2 - 0 
if (ge) pcgoto Next2 

/* PRB or Sample buffer 

/* ho st parameters 

/* number of params - 2 

/* copy over all params 

/* Set up INCl - INC4 

/* r2 contains flags from host 
/* latent instruction 
/* test the view bit 
/* we want to hear it 

/* point rlO to param block 
/* test the host ready bit 
/* host is not ready 

/* NumSamples 

/* convert to an integer 

/ * r2 = NumSamples 

/* Subtract the frame size 
/ * See if we need more samples 
/• need more samples 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*I 
*/ 
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here: 

Next2: 

r3e • INDEX 
r2e • ZERO 
r7e • 7 

if (r7-- >• 0) pcgoto here 
*r3++ • aO - *r2 
r4e • NEED TO INIT 
r2e • INIT FLAG 
•r4 • r2e 

pcgoto Endit 

r4e - TEMP INT 
•r4 - r2 
nop 
aO • float (*r4 ) 
2*nop 

•rs - al - ieee (aO) 

rlle - INDEX 
r7e • COMPARE 
r6e • PT_ FIVE 
al • *rll • •r7 
a2 - al - • r6 
r2e • TEMP INT 
nop 

•r2 - a2 - int(a2) 
3*nop 

r2e - •r2 
nop 
r2 - r2•2 
r2 - r2*2 
r2e - PARAMS + r2 
r3e • r2 + FM ENVl 
r4e - r3 + 4 
a O • * r4 - • r3 
rSe • INDEXl INC 
nop 
*rS • al • aO • •r7 

r3e - r2 + F'M_ENV2 
r4e • r3 + 4 

aO - *r4 - *r3 
rSe - INDEX2 INC 
nop 
•rs - al - aO * *r7 

r3e - r2 + ,M_ENV3 

r4e - r3 + 

aO - *r4 - *r3 
rSe = INDEX3 INC 
nop 
•rs • al - aO * *r7 

r3e • r2 + FM ENV4 
r4e - r3 + 4 
aO - *r4 - *r3 
rSe = INDEX4 INC 
nop 
• rs al - aO • "'r7 

rSe - NEED TO INIT 
r2e - •rs 
nop 
r2e & INIT F'LAG 
if (eq) pcgoto Noi nit 

r2e &= -INIT_F' LAG 
•r s - r2e 

r3e • PARAMS + FM ENVl 
r4e • INDEXl 
* r4-a0-*r3 

r3e • PARAMS + FM ENV2 
r4e • INDEX2 
• r4 - aO - *r3 

r 3e • PARAMS + FM ENV3 

Project:Project:FMAlg6.s 

/* don't need samp l es 
/* zero out our VAR parameters 

*/ 

*/ 

/ * there are 9 of them */ 
/* Re-initailize the VAR parameters */ 
! • Ze r o out the parameters • / 

/* Turn on need to init flag */ 

/* exit the module */ 

/* put samples remaining in temp *I 

/* c o nvert to float */ 

/* Update samples remaining */ 

/* I * COMPARE */ 
I* Subtract o.s for round */ 

/* a2 - Start */ 

/ * r2 • Start •1 

/* r2 • r2 . 4 (for float size) */ 

I* Env[start] */ 
/* Env[finish) */ 
/* aO - Env[finish] - Env[start] */ 

I* Save Index in c rement 1 */ 

/* Env[start] *I 
/* Env[finish] *I 
/* aO - Env[finish] - Env [start I */ 

I* Save Index increment 2 */ 

/ * Env [ start I */ 

I* Env[finish] */ 
/* aO = Env [finish) - Env[start] */ 

/ * Save Index increment 3 •1 

/ * Env[start] */ 
/* Env[f i nish ) */ ,. aO - Env[finish] - Env[start] */ 

/* Save In dex increment 4 

/*Tu rn off init flag */ 

/* Set up initial indexes 
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Noinit: 

Mainloop: 

lessl: 

less2: 

r4e INDEX3 
•r4 = ao = *r 3 

r3e - PARAMS + fM ENV4 
r4e - INDEX4 
•r4 - aO - •r3 

r7e - 238 
r9e • SINE SIZE 

rSe - PARAMS + fM_MININDEXl 
rle • PARAMS + fM_MAXINDEXl 
a3 - • rl - •rs 
r6e - INDEXl INC -
r4e - INDEXl 
al - •r s+ a3 • •r4 
•r4 - aO - •r4 + •r6 

r2e - PHASEl 
r4e - TEMP INT 
•r4 - a2 - int24 (*r2) 
3*nop 
r4e • •r4 
rle - MODl 
r4 - r4•2 
r4 - r4*2 

rSe - r4 + SINE TABLE 
*rl • aO • *rS • al 

r3e - INCl 
*r2 • al - *r2 + •r3 
2•nop 

r3e • TEMP INT 
•r3 - aO - int24(•r2) 
3*nop 
r3e - •r3 
nop 
r3 - 256 
if (lt) pcgoto l essl 
nop 
*r2 • aO • *r2 - •r9 

r6e • INDEX2 INC 
r4e • INDEX2 
a 1 - • r4 
*r4 aO = *r4 ~ •r6 

r2e - PHASE2 
r4e - TEMP INT 
*r4 - a2 - int24 (•r2) 
3*nop 
r4e - *r4 
rle - MOD2 
r4 - r4*2 
r4 - r4*2 

rSe • r4 + SINE TABLE 
r3e - PT FIVE 
*rl # aO • al * •rS 

r3e - INC2 
*r2 - al - *r2 + •rJ 
2*nop 

r3e • TEMP INT 
•r3 - aO - int24 (•r2) 
J*nop 
r3e - •rJ 
nop 
r3 - 256 
if (lt) pcgoto le ss2 
nop 
• r2 aO = •r2 - •r9 

r6e - INDEX3 INC 
r4e = INDEX3 

Project:Project:FMAlg6.s 

/* Loop count (fr ameSize-2) */ 

/* a3 - MAX INDE.Xl - MIN INDEXl */ 

/ * al - (INDEXl * (MAX-MIN)) + MIN */ 
/* INDEXl - I NDE.Xl + INDEXl_INC */ 

I• r4 - PHASE! 

/* Multiply by 4 for float 

/* Need to do inte rpolation 
/• SINE_TABLE[PHASEl] • INDEXl 

/' Phasel - Phasel + Incl 

/* r3 = PHASE! 

/* See if we're past end of table 

/* Wrap to start of table 

/' al - INDEX2 
/• INDEX2 = INDEX2 + INDEX2 INC 

/' r4 - PHASE! 

/' Multiply by 4 for float 

/' rS is index into sine table 

/' SINE_TABLE[PHASE2J * INDEX2 

/• Phase2 - Phase2 + Inc2 

I' r3 = PHASE2 

/' See if we"re past end of table 

/' Wrap to star~ of table 

*/ 

•1 

*/ 

•; 

•; 

*/ 

•1 

*/ 

•1 

•1 

*/ 

•1 

•1 

•1 

•1 

*/ 

•1 
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less3: 

ok3: 

Sound: 

Cont: 

\. 

al • *r4 
*r4 - aO - *r4 + •r6 

r2e • PHASE3 
r4e • TEMP INT 

*r4 - a2 • int24 (*r2) 
J•nop 

r4e - *r4 
rle • MOD3 

r4 - r4*2 
r4 • r4*2 
r5e • r4 + SINE TABLE 
*rl • aO - •rs • al 

r3e • INC3 
al• •r2 + •r3 
r4e • MODI 
r5e • INCl 
*r2 - aO • al + *r4 • •rs 
2*nop 

r3e • TEMP INT 
*r3 • aO • int24(*r2) 
J•nop 
r3e =- * r3 
nop 
r3 - 256 
if (lt) pcgoto less3 
nop 
•r2 • aO • *r2 - •r9 
pcgoto ok3 
nop 

r3 - O 
if (gt) pcgoto ok3 
nop 
•r2 • ao - *r2 + •r9 

r6e • INDEX4 INC 
r4e • INDEX4 
al - *r4 
*r4 - aO - *r4 + •~6 

r2e • PHASE4 
rle • TEMP INT 

*rl - a2 = int(*r2 ) 
3*nop 

rle = • rl 
nop 
rl = rl*2 
rl = r1*2 
r5e = rl + SINE TA3LE 
r6e • MOD3 
ao = *r6 + al * •=5 
rle • PT THREE 
r3e • MOD2 
aO = aO + • r3 
2•nop 
aO = aO • • rl 
2*nop 

rBe = rl7 + FM FLAGS 
r3e • *rB 
nop 
r3e & VIEW FLAG 
if (eq) pcgoto So~~d 
nop 

aO - al * • rS 
2 *nop 
*rlO++ • aO • ieee (aO ) 

pcgoto Cont 
nop 

* rlO++ = aO 

r3e • INC4 

r5e = INCl 

*rlC ... al * •rs 

Project:Project: FMAlg6.s 

/* al = INDEX3 
/* INDEX3 • INDEX3 + INDEX3 INC 

/* Multiply by 4 for float 

*I 
*/ 

*I 

/* Need to do interpolation */ 
/* mod3 • SINE_TABLE[PHASE3] * INDEX3 */ 

/* Phase3 • Phase3 + Inc3 

/* Phase3 + Inc3 + (modl • incl) 

I* r3 • PHASE3 

I* See if we're past end of table 

/* Wrap to start of table 

/* Handle negative case 

/* al • INDEX4 

/* INDEX4 • INDEX4 + INDEX4 INC 

/* Multiply by 4 for float 

/* Mod3 + Carrier 

/* Mod3 + Carrier + Mod2 

/* Divide by 3 

/* rB points to host flags 
/ * r2 contains flags from host 
/* latent instruction 
/* test the view bit 
1• we want to hear it 

/* Just viewing 

/* Place into sample buffer 

/* Sum into PRB 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*I 

*/ 

*/ 

*/ 

*/ 
*/ 
*/ 

'/ 
*/ 

'I 

*/ 

*/ 
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r6e - MODI 
al = •r2 + •r3 
r4e - OLD SIG3 
nop 

Project:ProjectFMAlg6.s 

/* PHASE4 + INC4 *I 

a2 z al + •r6 • •rs 
2*nop 

/* PHASE4 + INC4 + (MODl*INCl) */ 

• r2 • a3 • a2 - • r4 /* PHASE4 + INC4 + MODI - OLD_SIG3 */ 

less4: 

olc4: 

End It: 

FREQ_MULT: 
COMPARE: 
TEMP INT: 
SINE SIZE: 
NUMBER_SAMP: 
A FIFTH: 
MODl: 
MOD2: 
MOD3: 
ONE: 
PT FIVE: 
PT THREE: 
ZERO: 

PARAMS: 
OLD SIG l : 
OLD SIG2: 
OLD SIG3: 
INCl: 
INC2: 
INC3: 
INC4: 
INDEXl INC: 
INDEX2 INC: 
INDEX3 INC: 
INDEX4 INC: 

2*nop 
r3e • TEMP INT 
*r3 - aO • int24(*r2 ) 
3*nop 
r3e • • r3 
nop 
r3 - 256 
if (lt) pcgoto less4 
nop 
*r2 - aO • •r2 - *r9 
pcgoto olc4 

nop 

r3 - 0 
if (gt) pcgoto olc4 
nop 
*r2 • aO - *r2 + *r9 

r2e • ONE 

/* r3 - PHASE4 

/* See if we're past end of table 

/* Wrap to start of table 

/* Handle negative case 

*rll - al - •rll + *r2 /* Increment the index 
if (r7-- >• 0) pcgoto Mainloop /* Loop for size of frame 
nop 

r8e - rl7 • FM FLAGS 
r2e - • r8 
nop 
r2e ,- -HOST READY FLAG 
•r e - r2e 

return (r18) 
nop 

float (256.0/24000.0) 
float (1.0/ (24960.0/5 . 0) ) 
int24 
float (256.0) 
float 24960.0 
float (l.0/5.0) 
float 0 . 0 
float 0.0 
float 0 .0 
float 1.0 
float 0 .5 
float 0. 3933333 
float 0.0 

37* float 
float 0.0 
float 0 .0 
float 0 . 0 
float 
float 
float 
float 
float 
float 
flo at 
flo at 

/* rB points to host flags 
1• r2 contains flags from ho st 
1• latent instruction 
/* Clear the host - ready flag 
/* Write flag s to memory 

/* Sine ta ble size/ Sample rate*/ 

/*---------------------- These are the varia ble parameters------------ */ 
.rsect ".var" 
INDEX: float 0.0 
PHASEl: flo at 0.0 
PHASE2: float 0 . 0 
PHASE3: floa t 0.0 
PHASE4: float 0.0 
INDEX!: float 0.0 
INDEX2: float 0.0 
INDEX3: flo at 0.0 
INDEX4: float 0 . 0 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*I 
*/ 

*I 
*/ 

*/ 
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NEED_TO_INIT: fltbits OxOOOOOOOl 

!•----------------------This is the sine wave table------------•; 
.rsect ". tab• 
SINE TABLE: float 0.000000, 0.024541, 0.049067, 0.073563, 0.09B016 

float 0.122409, 0.14672B, 0.170959, 0 .1950B7, 0.21909B 
float 0.242976, 0.26670B, 0.2902B0, 0.313677, 0.336B84 
float 0 .359B89, 0.3B2677, 0.405235, 0.42754B, 0.449604 
float 0.4713B9, 0. 4 92B91, 0. 514095, 0. 534 990, 0.555562 
float 0.575B00, 0.595691, 0.615223, 0.63 43B4, 0.653164 
float 0. 671550, 0.6B9531, o. 707097, 0 .72423B, 0.740942 
float 0.757199, 0.773001, 0.788337, 0.803198, O.B17576 
float 0.831460, O.B44B45, 0. B57720, O.B7007B, O.B61913 
float O.B93216, 0.9039B1, 0.914202, 0. 923B72, 0.9329B6 
float 0. 941537, 0. 949522, 0. 956934, 0 .963770, 0.970026 
float 0.975697, 0.9B07B1, 0.9B5274, 0.989173, 0. 992477 
float 0. 9951B2, 0.9972B9, 0. 99B794, 0.999698, 1.000000 
float 0. 999699, 0. 99B797, 0. 997292, 0. 995187, 0. 9924B3 
float 0. 9B91B1, 0. 9B52B3, 0.9B0791, 0.975709, 0 .970 039 
float 0. 963784, 0.956949 , 0.949538, 0.941555, 0.933004 
float 0. 923892, 0.914223, 0.904004, 0.893240, O.B8193B 
float 0. 870104, O.B57747, 0.844B73, 0 .83149 0, 0 .8176 06 
float 0. 803230, 0. 78B369, 0.773034, o. 757234, 0. 740977 
float 0.724274, o. 707135, 0. 6B9569, 0.671589, 0.653204 
float 0. 634425, 0.615264, 0.595733, 0. 575843, 0.555606 
float 0. 535034, 0.514140, 0.492936, 0.471436, 0.449651 
float 0. 427596, 0.405283, 0 .3B2726, 0. 35993B, 0.336934 
float 0.313727, 0. 290330, 0.266759, 0.243027, 0.219149 
float 0 .195139, 0.171011, 0 . 1467B0, 0.122461, 0.09B06B 
float 0.073616, 0.049119, 0.024593, 0.000053, -0.02446B 
float -0.049014, -0.073511, -0.097963, -0 .122356, -0.146676 
float -0.17 0907, - 0 .195035, - 0.219046, -0. 242925, -0.26665B 
float -0.290230, -0 . 313627, -0.336835, -0.359840, -0.3B2629 
float -0.4051B7, -0.427501, -0.449557, -0.471343, - 0.492845 
float -0.514050, -0.534945, -0.55551B, -0.575757, -0.59564B 
float -0. 6151B1, -0.634344, - 0.653124, -0.671511, -0. 6B9493 
float -0.707060, - 0.724201, - 0.74 0906, -0.757165, -0. 77296B 
float -0.7B8305, -0 .803167, -0.817545, -0.831431, -0.844816 
float -0.857693, -0.870052, -0.881B88, -0.893192, -0.903959 
float -0. 9141B1, -0. 923B52, -0.932967, - 0.941 519, -0.949505 
float - 0.956919, - 0. 963756, - o. 970013, -0. 975686, -0. 9B0771 
float - 0. 985265, . -0.989165, -0.992470, - 0. 995177, -0.997285 
float -0.998792, - 0.999697, -1. 000000, -0.999701, -0.998799 
float -0. 997296, -0.995193, - 0.992489, -0.989188, -0.985292 
float -0. 980801, -0.975720, - 0 .970051, -0.963798, -o. 956965 
float -o. 949555, -0.941573, -0.933023, -o. 923912, -0. 914245 
float -0.904026, -0.893263, - 0 .881962, - 0 .870130, -0.857774 
float -0.844901, -0.831519, - 0 .817636, -0.803261, -0.788402 
float -0.773068, - 0.757268, - 0 .741012, - 0 .724310, -0.707172 
float - 0.689608, -0.671628, - 0 .653244, -0.634 4 66, - o. 615306 
float -0.595775, -0.575886, - 0 .555650, - 0 .535079, -0.514185 
float -0.492982, -0.471482, - 0 .449698, -0.427644, -o. 405331 
float - 0.382775, -0.35 9 988, - 0.336984, - 0.313777, -0.290381 
float -0.266810, - 0. 2 43078, - 0.2 19200, - 0.195190, -0.17106 3 
float -0. 146832, - 0.1225 13, - 0 .098120, - 0. 073668, - 0.0491 72 
float - 0.024646, 0 .00000 00 
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r 

/*-- -------------------- --- ------------------------ ---------------------- - */ 
/* FM synthesis algorithm 7. 
/* 

/* This algorithm gets loaded onto the DSP when the user plays a voice 
/* of FM synthesis when the configuration is set to •7.# 
/* 
/* It has 4 oscillators in this arrangement: 
/* 

I* 
/* 
/* 

/* 
/* 

/* 
/* 

/* 
/* 

/* 
/* 

/* 
/* 

/* 
/* 

/* 
f• COPYRIGHT 

1 

V 

2 Osc 2 3 Osc 3 

1---------------1---------------1 
+ 
0 <---- Output 

f• Author Jeff Boone, Oregon State University 
/* 

Osc 1 

Osc 4 

!•------------------------------------------------------------------------*/ 
flnclude <dspregs,h> 
flnclude "FM Offsets.h" 
finclude " dspTaskDispatcherOffsets.a.h" 

. rsect • .proq• 

loopl: 

loop2: 

Next: 

rlOe • rl6 + DH HADDR + PHYSICAL 
rl Oe • *rlO 

r9e - rl7 

r8e • PARAMS 
r7e • 35 

•rs++ - a2 = dsp (*r9++) 
lf (r7-- >- 0) pcgoto loopl 
nop 

r9e - PARAMS + FM_ FREQl 
r8e • INCl 
r2e • FREQ_MULT 

r6e - 2 

*r8++ - aO • *r2 * *r9++ 

lf (r6-- >- 0) pcgoto loop2 
nop 

r7e • r17 + FM FLAGS 
r2e • •r7 
nop 
r2e & VIEW FLAG 
lf (eq) pcgoto Next 
nop 

rlOe • r17 + FM RETURN DATA - -
r2e & HOST READY FLAG 
lf (eq) pcgoto Endit 

r8e • r17 
aO • dsp(*r8) 
r 2e • TEMP INT 
n op 
• r2 - al - lnt24 (aO) 
3 •nop 
r2e - •r2 
nop 

r2e • r2 - 240 

r2 - O 
i f (ge) pcgoto Next2 

r3e • INDEX 

/• PRB or Sample buffer 

/* host parameters 

/* number of params - 2 

/* copy over all params 

/* Set up INCl - INC4 

/ * r2 contains flags from host 
/* la tent instruction 
I* test the view bit 
/* we want to hear lt 

/ * point rlO to param block 
/* test the host ready bit -
/* host ls not ready 

/* NumSamples 

/* convert to an integer 

/* r2 - NumSamples 

/* Subtract the frame size 
/* See lf we need more samples 

/* need more samples 

/* don"t need samples 

Page 1 

• 1 

•1 

*/ 

*/ 

*/ 

•1 
*/ 
*/ 

•1 

*/ 

*/ 
*/ 

*/ 

* / 

* / 

* / 

*/ 

*/ 

*/ 
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here: 

Next2: 

r2e = ZERO 
r7e - 7 
if (r7-- >- 0) pcgoto here 
*r3++ - aO • *r2 
r4e • NEED_TO_INIT 
r2e • INIT FLAG 
*r4 • r2e 

pcgoto Endit 

r4e • TEMP INT 
•r4 • r2 
nop 
ao - float (*r4) 
2*nop 
•rs - al• ieee(aO) 

rlle - INDEX 
r7e • COMPARE 
r6e • PT FIVE 
al • *rll • •r7 
a2 - al - *r6 
r2e • TEMP INT 
nop 
•r2 - a2 • int(a2) 
3*nop 
r2e • *r2 

nop 
r2 - r2•2 
r2 • r2*2 
r2e • PARAMS + r2 
r3e • r2 + FM_ENVl 
r4e • r3 + 4 
aO - *r4 - *r3 
rSe • INDEXl INC 
nop 
•rs cal • aO * *r7 

r3e • r2 + FM_ENV2 
r4e r3 + 
aO • *r4 - •rJ 
rSe • INDEX2 INC 
nop 
•rs - al• aO • *r7 

r3e - r2 + FM ENV3 
r4e • r3 + 

aO ~ *r4 - •rJ 
rSe = INDEX3 INC 
nop 
*rS = al - aO * *r7 

r3e - r2 + FM ENV4 
r4e - r3 + 
aO = *r4 - *r3 
rSe INDEX4 INC 
nop 
• rs a 1 = aO • • r7 

rse = NEED TO INIT 
r2e = •rs 
nop 
r2e & INIT FLAG 
if (eq) pcgoto Noinit 

r2e &= -INIT FLAG -
• rs = r2e 

r3e - PARAMS + FM ENVl 
r4e - INDEXl 
•r 4 = aO - •rJ 

r3e - PARAMS + FM ENV2 
r4e - INDEX2 
• r4 - aO = •rJ 

r3e PARAMS + FM ENV3 -
r4e - INDEX3 

Project:Project:FMAlg7.s Page 2 

1• zero out our VAR parameters •/ 
..., 

/* there are 9 of them • / 
/* Re-initailize the VAR parameters */ 

/* Zero out the parameters */ 

/* Turn on need to init flag */ 

/* exit the module •f 

/* put samples remaining in temp */ 

/* convert to float */ 

!• Update samples remaining */ 

1• I . COMPARE */ 
1• Subtract 0.5 for round */ 

1• a2 - Start •f 

1• r2 - Start */ 

/* r2 • r2 . 4 (for float size) •f 

I* Env[start) */ 
1• Env[finish) •j 

/* aO - Env[finish) - Env[start] */ 

/* Save Index increment 1 •f f• INDEX INCl = aO . COMPARE 

/* Env[start) •f 
/* Env (finish I •f 
1• aO • Env(finish] - Env [start) • f 

/* Save Index increment 2 */ 

/* Env[start) • f 
/* Env[ finish) • f 
/* aO - Env[finish) - Env[start) •f 

/* Save Index increment 3 • f 

/* Env[start] * / 
/* Env[finish) •f 
I* ao = Env[finish) - Env [start I •1 

/* sa ve Index increment 4 • I 

/*Turnoff init flag •f 

/* Set up initial indexes • I 



\. 
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Noinit: 

Mainloop: 

less l: 

less2: 

* r4 • aO • *r3 

rJe • PARAMS + fM ENV4 
r4e • INDEX4 
• r4 • aO • •rJ 

r7e 238 

r9e • SINE SIZE 

rSe • PARAMS + fM MININDEXl 
rle - PARAMS + fM MAXINDEXl 
aJ • •r1 - •rs 
r6e • INDEXl INC 
r4e • INDEXl 
al - •r s+ aJ • •r4 
•r4 - ao - •r4 + •r6 

r2e • PHASEl 
r4e • TEMP INT 

•r4 • a2 - int24 (*r2) 
J*nop 

r4e • *r4 
rle • MODI 

r4 - r4*2 
r4 - r4*2 

rSe - r4 + SINE TABLE 
*rl • aO - •rs * al 

r3e - INCl 
*r2 • al - *r2 + *r3 
2•nop 

rJe - TEMP INT 
•rJ • aO - int24(*r2) 
J•nop 

rJe - *rJ 
nap 
r3 - 256 
if (lt) pcgoto lessl 
nap 
•r2 .. aO - *r2 - ~r9 

r6e - INDEX2 INC 
r4e - INDEX2 
al • *r4 
•r4 - aO - *r4 + *r6 

r2e • PHASE2 

r4e - TEMP INT 
•r4 • a2 - int24 (*r2) 
3*nop 
r4e - *r4 
rle • MOD2 
r4 • r4*2 

r4 - r4*2 

r5e • r4 + SINE TABLE 
r3e • PT fIVE 
*rl .. ao • al • •rs 

r3e - INC2 
*=2 - al - *r2 + *r3 
2•nop 

r Je • TEMP INT 

•,.-3 - aO - int24 ( *r2) 
J•:,op 

r]e - *r3 

ncp 

r3 - 256 
if (lt) pcgoto less2 
nap 

•r2 • aO - *r2 - *r9 

r6e - INDEXJ INC 
r4e • INDEXJ 

al - •r4 

Project:Project FMAJg7 .s 

/• Loop count (frameSize-2) */ 

/* aJ • MAX_INDEXl - MIN I NDEXl */ 

/• al• (INDEXl • (MAX-MIN)) + MIN */ 
/* INDEXl • INDEXl + INDEXl_INC * / 

/* r4 • PHASEl 

;• Multiply by 4 for float 

/* Need to do interpolation 
/* SINE_TABLE[PHASEl] * INDEXl 

/* Phasel • Phasel + Incl 

I* r3 • PHASEl 

/* See if we're past e nd of table 

/* Wrap to start of table 

I* al • INDEX2 
/* INDEX2 • INDEX2 + INDEX2 INC 

I • r4 • PHASE2 

/* Multiply by 4 for float 

/* r5 is index into sine table 

/* SINE_TABLE[PHASE2) * INDEX2 

/• Phase2 - Phase2 + Inc2 

I* r3 - PHASE2 

/* see if we're past end of table 

/* Wrap to start of table 

I* al • INDEXJ 

*/ 

*/ 

*/ 
*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

• I 

•1 

*/ 

*/ 

•f 

*/ 
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less3: 

Sound: 

Cont: 

*r4 - aO - *r4 + *r6 

r2e • PHASE3 
r4e • TEMP INT 
•r4 • a2 • int24 (•r2) 
3*nop 
r4e - •r4 
rle • MOD3 
r4 - r4*2 
r4 - r4*2 
rSe • r4 + SINE_TABLE 
•rl • aO • •rS • al 

r3e • INC3 
•r2 • al - •r2 + •r3 
2*nop 

r3e • TEMP INT 
•rJ • aO • int24(*r2) 
3*nop 
r3e - *r3 
nop 
r3 - 256 
if (lt) pcgoto less3 
nop 
*r2 • aO - *r2 - •r9 

r6e • INDEX4 INC 
r4e • INDEX4 
al - *r4 
*r4 - ao • *r4 + •r6 

r2e • PHASE4 
rle • TEMP INT 
•rl • a2 - int (*r2) 
3*nop 
rle - *rl 
nop 
rl - r1•2 
rl • r1•2 
rSe • rl + SINE TABLE 
r6e • MOD3 
aO - *r6 + al * •rs 
rle • PT THREE 
r3e • MOD2 
aO - aO + • r3 
2*nop 
aO-aO**rl 
2*nop 

r8e - rl7 + FM_FLAGS 
r3e - * r8 
nop 
r3e & VIEW FLAG 
if (eq) pcgoto Sound 
nop 

aO=al**rS 
2•nop 
•rlO++ - aO - ieee(aO) 
pcgoto Cont 
nap 

*rlO++ - aO 

r3e - INC4 
rSe • INCl 
r6e • MODl 
al - *r2 + •r3 
r4e - OLD SIG3 
nop 

•rlO + al * *rS 

a 2 = a 1 + • r6 • • !'"5 

2•nop 

• r2 - a 3 a2 - • r4 

2•nop 
r3e • TEMP INT 
•r3 - aO • lnt24 (•r2) 

Project:Project:FMAlg7 .s 

/* INDEX3 • INDEX3 + INDEX3 INC •; 

/* Multiply by 4 for float •1 

/• rS ls index into sine table */ 
/* mod3 • SINE_ TABLE[PHASE3] • INDEX3 */ 

/• Phase3 • Phase3 + Inc3 

/* r3 • PHASE3 

/* See if we're past end of table 

/* Wrap to sta rt of table 

I• al • INDEX4 
/* INDEX4 • INDEX4 + INDEX4 INC 

/* Multiply by 4 for float 

/* Mod3 + Carrier 

1• Mod3 + Carrier + Mod2 

1• Divide by 3 

1• r8 points to h ost flags 
/* r2 contains flags from host 
;• latent instruction 
;• test the view bit 
1• we want to hea r it 

1• Just viewing 

!• Place into sample buffer 

I• Sum into PRB 

/* PHASE4 + INC~ 

/* PHASE4 + INC~ + (MODl*INCl) 

•1 

•; 

*/ 

*/ 

*/ 

*/ 

•; 

•1 

*/ 

*/ 

•; 
•; 
*/ 

•; 
•! 

*/ 

*/ 

*/ 

*I 

/* PHASE4 + INC4 + MODl - OLD SIG3 */ 

/* r3 - PHASE4 •1 

Page4 
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less4: 

ok4: 

End It: 

FREQ_MULT: 
COMPARE: 

MAX_AMP: 
TEMP fLOAT: 

TEMP INT: 

SINE_SIZE: 

NUMBER_ SAMP: 
A_FIFTH: 
MODl: 
MOD2: 
MOD3: 
ONE: 
PT fIVE: 
PT_THREE: 
ZERO: 

PARAMS: 

OLD SIGl: 

OLD SIG2: 
OLD_SIG3: 

INCl: 
INC2: 

INC3: 
INC4: 

INDEXl INC: 
INDEX2_INC: 

INDEX3 INC: 
INDEX4 INC: 

3*nop 
r3e = •r3 
nap 

r3 - 256 
if (lt) pcgoto less4 
nap 

*r2 - aO - *r2 - *r9 
pcgoto ok4 
nap 

r3 - 0 

if (gt) pcgoto ok4 
nap 

•r2 - aO - •r2 + •r9 

r2e - ONE 
*rll - al - *rll + *r2 
if (r7-- >- 0) pcgoto Mainloop 
nap 

rBe - r17 + FM_FLAGS 
r2e - •re 
nap 
r2e &- -HOST_READY_FLAG 
* rB - r2e 

return (rlB) 

nap 

float 
float 

float 
float 

int24 
float 

float 
float 

float 
float 

float 
float 

float 
float 

float 

37* float 

(256.0/24000.0) 
(1.0/ (24960.0/5.0)) 
(1.0) 

(256. 0) 

24960.0 
(1.0/5.0) 

0.0 
0.0 

o.o 
1.0 

0.5 
0.3933333 
0.0 

float 0.0 

float 

float 

float 

float 

float 
float 

float 
float 
float 
float 

0.0 
0.0 

Project:Project:FMAlg7 .s 

I* See if we're past end of table 

/• Wrap to start of table 

/* Handle negative case 

/* Increment the index 

/* Loop for size of frame 

1• rB points to host flags 
/* r2 contains flags from host 
/* latent instruction 
I* Clear the host _ready flag 
/* Write flags to memory 

/* Sine table size/ Sample rate •f 

/*- --------------------- These are the variable parameters------------ */ 

.rsect " . var" 
INDEX: float 0.0 
PHASEl: float 0.0 
PHASE2: float 0.0 
PHASE3: float 0.0 
PHASE4: float 0.0 
INDEXl: float 0.0 
INDEX2: float 0.0 
INDEX3: float 0.0 
INDEX4: float 0.0 
NEED TO INIT: flt bits OxOOOOOOOl - -

/•------------------ ---- This is the sine wave table------- ----- • f 
.rsect ".tab" 
SINE_TABLE: float 

float 
float 

float 
float 

0.000000, 0.024541, 0.049067, 0.073563, 0.098016 
0.122409, 0.146728, 0.170959, 0.195087, 0.219098 

0.242976, 0.2667 0 8, 0.290280, 0 .313677, 0.336884 
0.359889, 0.382677, 0.405235, 0.427548, 0.449604 

0.471389, 0.492891, 0.514 0 95, 0.534990, 0.555562 

*/ 

*/ 

*I 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 
*/ 

Page 5 
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float 0.575800, 0. 59 5 691, 0.615223, 0.634384, 0.653164 
float 0. 671550, 0.689531, 0.707097, 0.724238, o. 740942 
float 0.757199, 0.773001, 0.788337, 0.803198, 0.81 7 576 
float 0.831460, 0.844845, 0.857720, 0.870078, 0.881913 
float 0.893216, 0. 903981, 0.914202, 0. 923872, 0.932986 
float 0. 941537, 0.949522, 0. 956934, 0. 963770, 0.970026 
float 0. 975697, 0.980781, 0. 985274, 0. 989173, 0.992477 
float 0.995182, 0.997289, 0. 998794, 0. 999698, 1.0 0000 0 
float 0. 999699, 0. 998797, 0. 997292, 0.995187, 0.992483 
float 0.989181, 0.985283, 0. 980791, 0. 975709, 0.970039 
f l oat 0.963784, 0. 95694 9, 0.949538, 0. 941555, 0.933004 
float 0.923892, 0. 914223, 0. 904004, 0 .893240, 0.881938 
float 0.870104, 0.857747, 0.844873, 0.831490, 0. 817606 
float 0.803230, 0. 788369, 0.773034, o. 757234, 0.740977 
float 0.724274, 0. 707135, 0 . 689569, 0.671589, 0.653204 
float 0.634425, 0.615264, 0.595733, 0. 575843, 0.555606 
float 0.535034, 0.514140, 0. 4 92936, 0.471436, 0.449651 
float 0. 427596, 0.405283, 0 .382726, 0 .359938, 0 .336934 
float 0.313727, 0. 290330, 0.266759, 0.243027, 0.219149 
float 0 .195139, 0.171011, 0.146780, 0.122461, 0.098068 
float 0.073616, 0.049119, 0.024593, 0 .000053, -0.024488 
float -0.049014, -0,073511, -0.097963, -0.122356, -0.146676 
float -0.170907, -o .195035, -o. 219046, -0.242925, -0.266658 
float -0.290230, -0.313627, -0.336835, -0.359840, -0.382629 
float -0.405187, -0.427501, -0.449557, -0.471343, -0.492845 
float -0.514050, -0.534945, -0.555518, -0.575757, - 0.595648 
float -o. 615181, -0.634344, -0.653124, -0.671511, -0.689493 
float -0.707060, -0.724201, -o. 740906, -0.757165, -o. 772968 
float -0.788305, -0.803167, - o. 817545, -0 . 831431, -0.844816 
float -o . 857693, - 0.870052, -0.881888, -0.893192, -0.903959 
float -0.914181, -0.923852, -0.932967, -0.941519, -o. 949505 
float -0.956919, -0.963756, -0.970013, -0.975686, -o. 980771 
float -o. 985265, -0.989165, -0.992470, -o. 995177, - 0.997285 
float -0.998792, -0.999697, -1.000000, -0.999701, -0.998 7 99 
float -o. 997296, -0.995193, -0. 992489, -0.989188, -0.985292 
float -0.980801, -0.975720, -0.970051, -0 . 963798, - 0.956965 
float -0. 949555, -0.941573, -0.933023, -0.923912, -0.914245 
float -0.904026, -0.893263, - 0.881962, -0.870130, -0.857774 
float -0.844901, -0 . 831519, -0.817636, -0.803261, -0.788402 
float -0. 773068, -o . 757268, - 0. 741012, - 0.724310, -o. 707172 
float -0.689608, -0. 671628, -0.653244, -o. 634466, -0.615306 
float -0.595775, - 0.575886, -0 . 555650, -0.535079, -0.514185 
float -0 . 492982, -0.4 71482, - 0. 449698, -0.427644, -0.405331 
float -0 . 382775, - 0.3 59988, -0.336984, -0.313777, - 0.290381 
float -0.266810, - 0 .243078, -0.219200, -0.195190, -0.171063 
float -0.146832, -0.122513, - 0.098120, -0.073668, -0.049172 
float - 0.024646, 0.0000000 

\.. 
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!•------------------------------------------------------------------------•/ 
/• FM synthesis FFT data generator algorithm 1. 
1• 
/• This algorithm gets loaded onto the DSP when the user opens the 
f• analysis window when using FM synthesis with the configuration set to •1.• 
1• 
f• It has 4 osci l lators in this arrangement: 
1• 
/* 

1• 
1• 
1• 
1• 
1• 
1• 
1• 
1• 
1• 
1• 
1• 
1• 
1• 
1• 
1• 
/* 

1• 
1• 
1• 
1• 
/* 

/* 

/* 

/* 

/* 

/* 

/* 

/* 

/* COPYRIGHT 

1 Oscillator 1 

V 

2 Oscillator 2 

V 

3 Oscillator 3 

V 

Oscillator 4 

0 <---- Out put 

/* Author Jeff Boone, Oregon State University 
/* 

/*------------------------------------------------------------------------*/ 
tinclude <dspregs.h> 
tinclude "dspTaskDispatcherOffsets.a.h" 
tinclude "FM Offsets.h" 

. rsect ". prog" 

loopl: 

loop2: 

Next: 

\.. 

rlOe - rl7 

r7e - rl7 + FM FLAGS 
r2e = •r7 
nop 
r2e & HOST READY FLAG 
if {eq) pcgoto Endit 

r9e = rl7 
rBe = PARAMS 
r7e 35 

•re++• a2 = dsp (•r9++) 
if {r7-- >• 0) pcgoto loopl 
nop 

r9e • PARAMS + FM_FREQl 
rBe = INCl 
r2e = FREQ_MULT 
r6e = 2 
•rS++ = aO - *r2 • •r9++ 
i f (r6 - - >· 0) pcgoto loop2 
nop 

rBe = rl7 
aO = dsp(*r8) 
r2e = TEMP INT 
nop 
•r2 = al = int24{a0) 
3•nop 

/* Data Buffer 

/* r2 con t ains flags from host 
/* latent instruction 
1• test the host ready bit 
I* host is not ready 

I* host parameters 

I* number of pa rams - 2 

/* copy over all params 

/* set up INCl - INC4 

/* NumSamples 

Page 1 
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*/ 
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here: 

Next2: 

Next3: 

Next4: 

r2e - *r2 
nop 
r2e - r2 - 128 
r2 - O 
if (ge) pcgoto Next2 

r3e - INDEX 
r2e - ZERO 
r7e - 7 
if (r7-- >- 0) pcgoto here 
*r3++ - aO - *r2 
r4e - NEED TO !NIT 
r2e - !NIT FLAG 
*r4 • r2e 

pcgoto Endlt 

r4e - TEMP INT 
*r4 - r2 
nop 
aO - float (*r4) 
2*nop 

*rB - al - ieee(aO) 

rlOe +- FM RETURN_DATA 

r4e - FIRST HALF 
r2e • • r4 
nop 
r 2e & SECOND HALF 
if (eq) pcgoto Next3 
nop 

rlOe - rlO + 508 
rBe - r17 + FM FLAGS 
r2e ,- -SECOND_HALF 
*r4 - r2e 

r2e - *rB 
nop 
r2e &- -HOST READY FLAG 
r2e I- DO_FFT_FLAG 
*rB - r2e 

pcgoto Next4 
nop 

r2e I- SECOND_HALF 
*r4 - r2e 

rlle - INDEX 
r2e = r17 + FM_INDEX 
*rll • aO - dsp(*r2) 

r7e = COMPARE 
r6e • PT FIVE 
al = *rll * *r7 
a2 = al - *r6 
r2e TEMP INT 
nop 
*r 2 - a2 - int(a2) · 
3*nop 
r2e • •r2 
nop 
r2 - r2•2 
r2 = r2*2 
r2e = PARAMS + r2 
r3e = r2 + FM ENVl 
r4e - r3 + 4 
a0•*r4-*r3 
r5e = INDEXl INC 
nop 
*r5 - al - aO • *r7 

r3e - r2 + FM ENV2 
r4e r3 + 4 
aO - •r4 - *r3 
r5e • INDEX2 INC 

Project:Project:FMAnalysisl.s 

t• r2 = NumSamples 

/* subtract the frame size 
/* need to output more samples? 

/* don't need samples 

*/ 

*/ 

*I 

*/ 

/* zero out our VAR parameters */ 
/* there are 9 of them */ 

/* Re-initailize the VAR parameters */ 
I* Zero out the parameters */ 

/* Turn on need to init flag 

/* exit the module 

/* put samples remaining in temp 

/* convert to float 

/* Update samples remaining 

/* rlO points to output buffer 

/* see if we're doing 1st half 

/* doing 1st half 

/* doing 2nd half, add offset 

/* Toggle FIRST_HALF 

I* r2 contains flags from host 
/* latent instruction 
/* clear the host_ready flag 
/* set the do fft flag 
/* write flags to memory 

/* Toggle FIRST_HALF 

/* Read index from host 

/* I * COMPARE 
/* Subtract 0.5 fo r round 

/* a2 Start 

/* r2 = Start 

/* r2 = r2 • 4 (for float size) 

/* Env[start) 
/* Env[finish) 
/* aO - Env[finish) - E~v[start) 

/* Save Index increment 

/* Env[start) 
/* Env[finish) 
I* aO - Env[finish) - Env[start) 

*I 

*I 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*I 
*/ 

*/ 

*/ 

*/ 

*/ 

*I 

*/ 

*/ 

•1 

•f 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

Page 2 
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No I nit: 

Mainloop: 

nop 
• rs = a 1 aO * * r7 

r3e • r2 + FM_ENV3 
r4e • rJ + 
aO • •r4 - *r3 
rSe • INDEX3 INC 
nop 
*rS - al • aO * *r7 

r3e - r2 + FM ENV4 -
r4e - r3 + 4 
aO - •r4 - *r3 
rSe - INDEX4 INC 
nop 
•rs • a l - aO . *r7 

rBe • NEED TO INIT - -
r2e - *rB 
nop 
r2e, INIT fLAG 
if (eq ) pcgoto Noinit 

r2e &• -INIT FLAG 
*rB - r2e 

r3e - PARAMS + fM ENVl -
r4e - INDEXl 
• r4 - aO - *r3 

r3e - PARAMS + fM ENV2 -
r4e - INDEX2 
*r4 • aO - •rJ 

r3e - PARAMS + fM ENV3 -
r4e = INDEX3 
*r4 = aO - *r3 

r3e - PARAMS + FM ENV4 -
r4e - INDEX4 
*r4 - aO - *r3 

r7e - 126 
r9e - SINE SIZE 

rle = PARAMS + fM MAXINDEXl 
rSe • PARAMS + fM MININDEXl 
a3 = *rl - •rs 
r6e = INDEXl INC 
r4e = INDEXl 
al =•rs+ a3 * *r4 
*r4 aO = *r4 + *r6 

r2e = PHASEl 
r4e TEMP INT 
*r4 = a2 = int24 (*,c2) 
3*nop 
r4e = • r4 
rle = MODl 
r4 = r4*2 
r4 = r4*2 

rSe r4 + SINE TABLE 
*rl - aO - *r5 * al 

r3e = INCl 
*r2 al ,.. •r2 + *r3 
2*nop 

r3e = TEMP INT 
•r3 = aO • int24(*r 2) 
3*nop 
r3e ,.. • r3 
nop 
r3 - 256 
if (lt) pcgoto lessl 
nop 

Project:Project:FMAnalysis l .s 

/* Save Index increment 2 

I* Env [start) 
/* Env[finish) 

/* aO • Env[finish) - Env[start] 

I* Save Index increment 3 

/* Env [ start I 
I* Env[finish) 
I* aO - Env[!inish] - Env [start I 

I* Save Index increment 4 

/*Turnoff init flag 

/* Set up initial indexes 

/* Loop count (frameSize-2) 

/ * a3 = MAX INDEXl - MIN INDEXl 

*/ 

*/ 

*I 
*/ 

*/ 

*/ 

*/ 
*I 

*/ 

*/ 

*/ 

*/ 

*/ 

I• al = ( INDEXl * (MAX- MIN)) + MIN * / 
/* INDEXl • INDEXl + INDEXl INC */ 

/* r4 = PHASEl 

/* Multiply by 4 for float 

/ * Need to do interpolation 
/ * SINE_TABLE[PHASElJ * INDEXl 

/ * Phasel • Phasel + Incl 

I * r3 PHASEl 

/* See if we're past end of table 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 
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lessl: 

less2: 

ok2: 

*r2 - aO - *r2 - *r9 

r5e - PARAMS + FM_MININDEX2 
rle - PARAMS + FM MAXINDEX2 
a3 - *rl - •rs 
r6e - INDEX2 INC 
r4e - INDEX2 
al - *rS + a3 * *r4 
*r4 - aO - *r4 + *r6 

r2e • PHASE2 
r4e • TEMP INT 
*r4 • a2 • int24 (*r2) 
3*nop 
r4e - *r4 
rle - MOD2 
r4 - r4*2 
r4 - r4*2 
rSe - r4 + SINE_TABLE 
*rl - aO - *rS • al 

r3e - INC2 
al - *r2 + *r3 
r4e - MODl 
r5e - INCl 
*r2 • aO - al+ *r4 * •rs 
2*nop 

r3e - TEMP INT 
*r3 • aO • int24 (*r 2 ) 
3*nop 
r3e • *r3 
nop 
r3 - 256 
if (lt) pcgoto less2 
nop 
*r2 - aO • *r2 - *r9 
pcgoto ok2 
nop 

r3 - 0 
if (gt ) pcgoto ok2 . 
nop 
*r2 '""aO - *r2 + *r9 

rSe - PARAMS + FM MININDEX3 
rle • PARAMS + FM MAXINDEX3 
a3 - *rl - *rS 
r6e = INDEX3 INC 
r4e • INDEX3 
al - *r5 + a3 * *r4 
*r4 - aO - *r4 + *r6 

r2e = PHASE3 
r4e • TEMP INT 

*r4 a2 = int24 (*r2) 
3 *nop 
r4e = *r4 
rle = MOD3 
r4 = r4*2 
r4 - r4*2 
rSe - r4 + SINE TABLE 
*rl = aO - •r s * al 

r3e = INC3 
al - *r2 + *r 3 
r4e - MOD2 
rSe = INC2 
*r2 =-= aO '"" al + *r4 * •rs 
2*nop 

r3e = TEMP INT 
•r3 = aO = int24(*r2) 
3*nop 
r3e = • r3 
nop 
r3 - 256 
if (lt) pcgoto less3 

ProjectProject:FMAnalysis l .s 

/* Wrap to start of table 

/* a3 - MAX_INDEX2 - MIN INDEX2 * / 

/* al • (INDEX2 * (MAX-MIN)) + MIN */ 

/* Multiply by 4 for float 

/* Need to do interpolation 
/* SINE_TABLE[PHASE2] * INDEX2 

/* Phase2 - Phase2 + Inc2 

/* Phase2 • Phase2 + (Modl*Incl) 

I* r3 - PHASE2 

/* See if we're past end of table 

I• Wrap to start of table 

/* Handle negative case 

/* a3 = MAX INDEX3 - MIN INDEX3 

*/ 

*/ 

*/ 

*I 

*/ 

*/ 

•1 

*/ 

*/ 

*/ 

I* al = ( INDEX3 * (MAX-MIN) ) + MIN • / 

/* Multiply by 4 for float 

/* Need to do interpolation */ 
/* mod3 = SINE_TABLE[PHASE3] * INDEX3 */ 

/* Phase3 = Phase3 + In c3 

/* Phase3 • Phase3 + (mod2 • inc2) */ 

I • r3 PHASE3 

/ * See i f we're past end of table */ 

Page4 
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less3: 

olc3: 

less4: 

ok4: 

Endit: 

FREQ_MULT: 
COMPARE: 
TEMP INT: 

SINE SIZE: 
NUMBER SAMP: 
A FIFTH: 
MODl: 
MOD2: 
MOD3: 
ONE: 

nap 

*r2 • aO - *r2 - *r9 
pcgoto olc3 
nap 

r3 - 0 
if (gt) pcgoto olc3 
nap 
*r2 - aO - *r2 + *r9 

r6e - INDEX4 INC 
r4e - INDEX4 
al - *r4 
*r4 - aO - *r4 + *r6 

r2e - PHASE4 
rle • TEMP INT 

*rl - a2 - int(*r2) 
3*nop 

rle - *rl 
nap 

rl - rl*2 
rl - rl*2 
rSe - rl + SINE_TABLE 
r6e - MOD3 

ao - al • •rs 
2*nop 

•rlO++ - aO - ieee(aO) 

r3e - INC4 
rSe - INC3 
al - *r2 + *r3 
r4e - OLD SIGJ 
nap 
a2 - al + *r6 * •rs 
2*nop 

/* Wrap to start of table 

/* Handle negative case 

I* al - INDEX4 

/* INDEX4 • INDEX4 + INDEX4 INC 

/* Multipl y by 4 for float 
/* rS ls i ndex into sine table 

/* aO = Index4 • slne_table[rSJ 

/ * Place into sample buffer 

/* PHASE 4 + INC4 

/* PHASE4 + INC4 + (MOD3*INC3) 

*/ 

*/ 

*/ 

*I 

*/ 

*/ 

*/ 

'/ 

*I 

'/ 

*r2 - a3 - a2 - *r4 /* PHASE4 + INC4 + MOD3 - OLD_SIG3 */ 

2*nop 
r3e • TEMP INT 

•rJ - aO = int24(*r2) 
3*nop 

r3e • *r3 
nap 
r3 - 256 
i f (lt) pcgoto less4 
nap 
*r2 = aO = *r2 - *r9 
pcgoto olc4 
nap 

r3 - 0 

i f (gt) pcgoto ok4 
nap 
*r2 - aO = *r2 + *r9 

r2e - ONE 

/* r3 • PHASE4 

/* See if we're past end of table 

/* Wrap to start of table 

/* Handle negative case 

•rll • al - •rll + *r2 /* Increment the index 
if (r7-- >- 0) pcgoto Maln l oop /* Loop for size of frame 
nap 

rBe = rl7 + FM_INDEX 
•rB = ao = ieee(*rll) 

return (rlB) 
nap 

/* Write Index to host 

float 
float 
int24 
float 
float 
float 
float 
float 
float 
float 

(256.0/24000. 0 ) /' Sine table size/ Sample rate '/ 
(1.0/ (24960.C / S.O)) 

(256. 0) 

24960.0 
(1.0/5.0) 
a.a 
a.a 
a.a 
1.0 

'I 

'I 

'/ 

'/ 

'/ 
'/ 
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PT FIVE: 
ZERO: 

PARAMS: 
OLD SIGl: 
OLD SIG2: 
OLD SIG3: 
INCl: 
INC2: 
INC3: 
INC4: 
INDEXl INC: 
INDEX2 INC: 
INDEX3 INC: -
INDEX4 INC: 

fl oat 
float 

37* float 
floa t 
float 
fl oat 
float 
float 
float 
float 
fl oat 
float 
fl oat 
float 

0.5 
0.0 

0.0 
o.o 
o.o 

/*---------------------- These are the variable parameters------------*/ 
• rsect •. var• 
INDEX: float o.o 
PHASEl: fl oat o.o 
PHASE2: float o.o 
PHASE3: float o.o 
PHASE4: fl oat 0.0 
INDEXl: float 0.0 
INDEX2: float 0.0 
INDEX3: flo at 0.0 
INDEX4: float 0.0 
FIRST_HALF: fl tbits 0 
NEED_TO_INIT: flt bi ts OxOOOOOOOl 

/*----------------------This is the sine wave table------------ */ 
.rsect •.tab• 
SINE TABLE: float 0.000000, 0.024541, 0.049067, 0.073563, 0.098016 

float 0 .122409, 0.146728, 0.170959, 0 .195087, 0.219098 
float 0.242976, 0.266708, 0.290280, 0.313677, 0.336884 
float 0.359889, 0. 382677 , 0.405235, 0.427548, 0.449604 
float: 0.471389, 0.492891, 0. 514095, 0. 534 990, 0.555562 
float 0.575800, 0.595691, 0.615223, 0.634384, 0.653164 
float 0. 671550, 0.689531, 0.707097, 0.724238, 0.740942 
float 0. 75719 9, 0.773001, 0.788 337 , 0. 803198, 0.817576 
float 0.831460, 0.844845, 0.857 720, 0.870078, 0.881913 
float 0.893216, 0. 903981, 0. 914202, 0.923872, 0.932986 
float 0.941537, 0.949522, 0. 956934, 0. 963770, 0 .9 70026 
float 0.975697, 0.980781, 0.985274, 0.989173, 0.992477 
float 0.995182, 0.997289, 0. 998794, 0.999698, 1. 000000 
float: 0.999699, 0.998797, 0. 997292, 0. 995187, 0.992483 
float 0.989181, 0.985283, 0.980791, 0.975709, 0.970039 
float 0. 963784, 0. 95694 9, 0 . 949538, 0.94 1 555, 0.93 3004 
float 0.923892, 0.914223, 0. 904004, 0 . 893240, 0.881938 
float 0.87010 4, 0.857747, 0.844873, 0.831490, 0. 817 606 
float 0.803230, 0.788369, 0.773034, 0.757234 , 0.740977 
float 0.724274, 0.707135, 0.689569, 0.671589, 0.65 320 4 
float 0. 634425, 0.615264, 0.595733, 0.575843, 0.555606 
float 0.535034, 0.514140, 0.492936, 0. 471436, 0.449651 
float 0 . 427596, 0.405283, 0.382726, 0.359938, 0.336934 
float 0 . 313727, 0.290330, 0. 266759, 0.243027, 0 .219149 
float 0.195139, 0.171011 , 0.146780, 0.122461, 0.098068 
float: 0. 073 616, 0.049119, 0.024593, 0.000053, - 0.024488 
float: -0.0490 14 , - 0.073511, - 0.097963, -0.122356, -0.146676 
float -0.170907, -0 .195035, - 0.219046, -0.242925, -0.266658 
float -0.29023 0, -0 .313627, - 0.336835, -0.359840, -0.382629 
float -0.405187, -0 . 427501, - 0.449557, -0.471343, -0.492845 
float -0 .514050, -0.534945, - 0.555518, -0.575757, -0.5 95648 
float -0 .615181, -0.634344, -0.653124, - 0.671511, -0. 68 94 93 
float - 0. 707060, -0. 724201, -0.740906, -0.757165, -0.772968 
float -0.788305, -0.803167, -0.817545, -0.831431, -0.844816 
float -0.85 7693, -0. 870052, -0.881888, - 0. 893192, -0.903959 
float -0.914181, - 0. 923852, - 0 . 932967, -0.941519, -0. 94 9505 
float -0.9569 19, -0.963756, -0. 970013, - 0.975686, - 0.980771 
float -0. 985265, -0.989165, - 0.992470, - 0.995177, -0 . 997285 
float -0.998792, -0.999697, -1. 000000, - 0.999701, - 0.998799 
float -0.997296, -0.995193, -0.992489, -0. 989188, - 0. 985292 
float - 0.980801, - 0 .975720, - 0.970051, - 0.963798, -0.9 5696 5 
float -0. 94 95 55, - 0.941573, -0.933023, -0.923912, - 0.914245 
float -0.904 026, -0.893263, -0.881962, - 0.870130, -0.857774 
float -0.8 44901, -0.831519, -0.817636, -0.803261, -o. 788402 
float -0.773068, -0.757268, -0.741012, -0.724310, -0.707172 
float -0.689608, -0.671628 , - 0.653244, -0.634466, - 0.615306 
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"I float -0.595775, - o. 575886, -0.555650, -0. 535079, -o. 514185 

float -0.492982, -0.471482, -o . 44 9698, -0. 427644, -0.405331 
float -0 .382 775, - o .359988, - 0.336984, -0 . 313777, -0.290381 
float -0.266810, -0. 243078, -0 .21920 0, -0.195190, -0.171063 
float -0.146832, -0 .1 2 2513, -0.098120, -0.073668, -0.049172 
float -0.024646, 0.0000000 

\. 
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/*------------------------------------------------------------------------*/ /* FM Synthesis FFT data generator algorithm 2. 
/* 

/* This algorithm gets loaded onto the DSP when the user opens the 
/* analysis window when using FM synthesis with the configuration set to "2." 

/* 
/* It has 4 oscillators in this arrangement: 
/* 
/* 
/* 

/* 

/* 
/* 
/* 

/* 

/* 
/* 

/* 

/* 
/* 

/* 
/* 

I* 
/* 

/* 

/* 
/* 

I* 
/* 

/* 
/* 

/* 

/* COPYRIGHT 

Oscillator l 2 Osei llator 2 

1--------------+ ----------1 
V 

3 Oscil la tor 3 

V 

Oscillator 4 

0 <- --- Outp ut 

/* Author Jeff Boone, Oregon State University 
/* 

/*------------------------------------------------------------------------*/ 
tinclude <dspregs.h> 
tinclude "dspTaskDispatcherOffsets.a.h" 
tinclude "FM_Offsets.h" 

.rsect ".prog• 

loopl: 

loop2 : 

Next: 

rlOe - rl7 

r7e - rl7 + FM FLAGS 
?:"2e - • r7 
nop 
r2e & HOST READY FLAG 
if (eq) pcgoto Endit 

r9e - rl7 
,:Se - PARAMS 
r7e - 35 

•rs ++ - a2 = dsp (•r9++) 
if (r7-- >- 0) pcgoto loopl 
nop 

r9e = PARAMS + FM_FREQl 

rBe = INCl 
r2e - FREQ_MULT 

,:6e - 2 

•rs++= aO = *r2 • *r9++ 
if (r6-- >= 0 ) pcgoto loop2 
nop 

rBe - rl7 
aO - dsp(*r8) 
,: 2e - TEMP INT 
nap 

•r2 - al - int24(a0) 
3•nop 

r2e = •r2 
nop 
r2e • r2 - 128 
r2 - 0 
if (ge) pcgoto Next2 

/* Data Buffer 

/• r2 contains flags from host 
/* latent instruction 
/* test the host ready bit 
/* host is not ready 

/* host parameters 

/* number of params - 2 

/* copy over all params 

/• set up INCl - INC4 

/* Numsamples 

/* r2 = NumSamples 

/* subtract the frame size 
/* need to output more samples? 
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\. 

2(26/91 1 :39 AM 

here: 

Next2: 

Next3: 

Next4: 

r3e - I NDEX 
r2e - ZERO 
r7e - 7 
if (r7-- >• 0) pcgoto here 
*r3++ - aO • *r2 
r4e • NEED TO INIT 
r2e • INIT FLAG 
*r4 - r2e 

pcgoto Endn 

r4e - TEMP INT 
*r4 • r2 
nop 
aO • float (*r4) 
2*nop 
*r8 - al• ieee(aO) 

rlOe +- FM RETURN DATA 

r4e • FIRST HALF 
r2e • * r4 
nop 
r2e & SECOND HALF 
if (eq) pcgoto Next3 
nop 

rlOe - rlO + 508 
r8e • rl7 + FM FLAGS 
r2e ,- -SECOND HALF 
*r4 - r2e 

r2e - •rs 
nop 
r2e ,- -HOST READY FLAG 
r2e I- DO FFT FLAG 
*r8 = r2e 

pcgoto Next4 
nop 

r2e I- SECOND_HALF 
*r4 - r2e 

rlle • INDEX 
r2e = rl7 + FM INDEX 
*rll - ao = dsp(*r2) 

r7e = COMPARE 
r6e = ?T FIVE 

al = •rll • •r7 
a2 = al - *r6 
r2e TEMP INT 
nop 
*r2 a2 
3*nop 
r2e - • r2 
nop 
r2 = r2*2 
r2 • r2•2 

int(a2) 

r2e • ?ARAMS + r2 
r3e • r2 + FM ENVl 
r4e - r3 + 4 
aO = •r4 - *r3 
r5e • :~EXl INC 
nop 
•rs= al - aO • *r7 

r3e - r2 + FM ENV2 
r4e - r 3 + 4 
aO • • :-4 - *r3 

r5e - :~DEX2 INC 
nop 
•rS - al - aO * •r7 

r3e - r2 + FM_ENV3 
r4e - ,:-3 + 4 

ProjectProject:FMAnalysis2.s 

/* don't need samples */ 
/* zero out our VAR parameters */ 

/* there are 9 of them */ 
/* Re-initailize the VAR parameters*/ 
/* Zero out the parameters */ 

/* Turn on need to init flag 

/* exit the module 

/* put samples remaining in temp 

/* convert to float 

/* Update samples remaining 

/* rlO points to output buffer 

/* see if we're doing 1st half 

/* doing 1st half 

/* doing 2nd half, add offset 

/* Toggle FIRST_HALF 

/* r2 contains flags from host 
/* latent instruction 
/* clear the host_ready flag 
/ * set the do fft flag 
/* write flags to memo ry 

/* Toggle FIRST_HALF 

/* Read index from host 

/* I * COMPARE 
/* Subtract 0.5 for round 

/* a2 = Start 

/* r2 - Start 

I* r2 - r2 • 4 (for float size) 

/* Env[start] 
/* Env[finish] 
/* aO = Env[finish] - Env[start] 

/* Save Index increment 1 

/' Env[start] 
/* Env[finish] 
/* aO • Env[finish] - Env [sta rt] 

/* Save Index increment 2 

/* Env[start] 
/* Env[finish] 

*/ 

*/ 

*/ 

*/ 

*/ 

*I 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 
*/ 

*/ 

*/ 

*/ 

• I 
*/ 

•; 

*/ 

*I 

*/ 

*/ 

*/ 

* I 

• I 
•1 
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Noinit: 

Mainloop: 

lessl: 

aO = *r4 - *r3 
rSe INDEX3 INC 
nop 

•rs - al - aO • •r ? 

r3e - r2 + fM ENV4 
r4e - r3 + 4 
aO • *r4 - *r3 
rSe - INDEX4 INC 
nop 
• rs - al - aO • •r 7 

ree - NEED TO I NI T 

r2e - •re 
nop 
r2e & INIT fLAG 
if (eq) pcgoto Noinit 

r2e &• -!NIT fLAG 
•re - r2e 

r3e •PAP.AMS+ fM ENVl 
r4e - INDEXl 
*r4 • aO • *r3 

r3e - PAP.AMS + fM ENV2 -
r4e - INDEX2 
• r4 - aO - *r3 

r3e - PAP.AMS + fM ENV3 -
r4e - INDEX3 
*r4 • aO -- *r3 

r3e •PAR.AMS+ fM ENV4 
r4e • INDEX4 
*r4 - aO = *r3 

r?e • 126 
r9e • SINE SIZE 

rSe •PAR.AMS+ fM MININDEXl 
rle •PAR.AM S + IB_MAXINDEXl 
a3 = *rl - *rS 
r6e - INDEXl INC 
r4e • INDEXl 
al - •rs+ a3 • *r4 
*r4 - aO - *r4 + *r6 

r2e - PHASEl 
r4e - TEMP INT 
*r4 - a2 • int24 (*r2) 
3*nop 
r4e - •r4 

rle - MODl 
r4 - r4*2 
r4 - r4*2 

rSe - r4 + SINE TABLE 
*rl - aO - •rs • al 

r3e • INCl 
*r2 - al s •r2 + •r3 
2*nop 

r3e • TEMP INT 
•r3 = aO • int24(*r2) 
3*nop 

r3e - *r3 
nop 
r 3 - 256 
if (lt) pcgoto le ssl 
nop 
*r2 = aO - *r2 - ""r9 

rSe - PARA.~S + rM MININDEX2 
rle • PAR.AMS+ F"M MAXINDEX2 
a3 - *rl - •rs 
r6e • INDEX2 INC 

Project:Project:FMAnalysis2.s 

/ * ao = Env [ finish] - Env [ start I */ 

/* Save Index increment 3 */ 

I* Env[start] */ 
/* Env [ finish I */ 
/* aO - Env[finish) - Env[start] */ 

/* Save Index increment 4 */ 

/*Turnoff init flag */ 

/* Set up initial indexes */ 

/* Loop count (frameSize-2) */ 

/* a3 • MAX INDEXl - MIN_INDEXl */ 

/* al • (INDEXl * (MAX-MIN)) + MIN */ 
/* INDEXl • INDEXl + INDEXl INC */ 

/* r4 = PHASEl 

/* Multiply by 4 for float 

/* Need to do interpolatio n 
/* SINE_TABLE[PHASEl) • INDEXl 

/ * Ph as e l = Phasel + Incl 

I* r 3 = PHASE 1 

/* See if we're past end of table 

/* Wrap to start of table 

/* a3 = MAX INDEX2 - MIN_INDEX2 

*/ 

*/ 

*/ 

*/ 

*/ 

•j 

*/ 

*/ 
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less2: 

less3: 

r4e - INDEX2 
al - *r S + a3 • *r4 
*r4 • aO • *r4 + *r6 

r2e • PHASE2 
r4e • TEMP INT 
*r4 • a2 • int24 (*r2) 
3*nop 
r4e • *r4 
rle • MOD2 
r4 - r4*2 
r4 - r4*2 
r5e • r4 + SINE TABLE 
*rl - aO ••rs• al 

r3e • INC2 
al - *r2 + *r3 
r4e - MODl 
rSe - INCl 
*r2 - aO •al+ •r4 * *rS 
2*nop 

r3e • TEMP INT 
*r3 - aO • int24(*r2) 
3*nop 
r3e - *r3 
nop 
r3 - 256 
if (lt) pcgoto less2 
nop 
*r2 • aO • *r2 - •r9 

rSe - PARAMS + fM MININDEX3 
rle • PARAMS + fM MAXINDEX3 
a3 =- *rl - •rs 
r6e • INDEX3 INC 
r4e - INDEX3 
al • *rS + a3 • *r4 
*r4 = aO = *r4 + *r6 

r2e • PHASE3 
r4e - TEMP INT 
*r4 • a2 - ln t24 (*r2) 
3*nop 
r4e :::,: *r4 
rle - MOD3 
r4 - r4*2 
r4 - r4*2 
rSe - r4 + SINE TABLE 
*rl - aO ~ •rS * al 

r3e - INC3 
al - *r2 + •r3 
r4e M0D2 
rSe INC2 

rle - MODl 
r8e - INCl 
aO = al + •r4 • •rS 
2*nop 
* r2 - aO = aO + • rl • •rs 
2*nop 

r3e - TEMP INT 
*r3 - ao - 1nt24(*r2) 
3*nop 
r3e - • r3 
nop 
r3 - 256 
if (lt) pcgoto less3 
nop 
*r2 - aO • •r2 - •r9 
pcgoto ok3 
nop 

r3 - 0 
if (gt) pcgoto ok3 
nop 
•r2 - aO - •r2 + •r9 

ProjectProject:FMAnalysis2.s 

/* al (INDEX2 * (MAX-MIN)) + MIN */ 

/* Multiply by 4 for float 

/* Need to do interpolation 
/* SINE_TABLE[PHASE2] * INDEX2 

/* Phase2 • Phase2 + Inc2 

/* Phase2 • Phase2 + (Modl*Incl) 

I* r3 • PHASE2 

/* See if we're past end of table 

/* Wrap to start of table 

/* a3 - MAX INDEX3 - MIN INDEX3 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

■/ 

*/ 

*/ 

/* al (INDEX3 * (MAX-MIN)) + MIN */ 

/* Multiply by 4 for f lo at */ 

/ * Need to do interpola tio n */ 
/* mod3 - SINE_TABLE[PHASE3] • INDEX3 */ 

/* Phase3 - Phase3 + Inc3 ■/ 

/■ Phase3 + Inc3 + (mod2 • inc2) •f 

/* Add MODl * INCl ■/ 

I* r3 - PHASE3 *I 

/* See if we're past end of table 

/* Wrap to start of table */ 

/* Handle negative case */ 
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ok3: 

less4: 

ok4: 

Endit: 

FREQ_MULT: 
COMPARE: 
TEMP INT: 
SINE SIZE: 
NUMBER SAMP: 
A FIFTH: 
MODl: 
MOD2: 
MOD3: 
ONE: 
PT FI VE: 
ZERO: 

PARAMS: 
OLD SIGl: 
DLD SI G2: 
OLD SIG3: 
INCl: 
INC2: 

r6e • INDEX4 INC 
r4e • INDEX4 
a l • •r4 
•r4 - aO • *r4 + *r6 

r2e • PHASE4 
rle • TEMP INT 
•rl • a2 • int(•r2) 
3*nop 
rle • •r l 
nop 
rl - rl*2 
rl • rl*2 
rSe - rl + SINE_TABLE 
r6e - MOD3 

aO - al • • rS 
2•nop 

*rlO++ • aO - ieee(aO) 

r3e - INC4 
rSe - INC3 
al - • r2 + •r3 
r4e - OLD SIG3 
nop 
a2 - al+ *r6 * •rs 
2•nop 
•r2 • a3 - a2 - •r4 

2*nop 

r 3e • TEMP INT 
•r3 • aO • int24(*r2) 
3•nop 
r3e - •r3 
nop 
r3 - 256 
if (lt) pcgoto les s4 
nop 

•r2 - aO - •r2 - •r9 
pcgoto ok4 
nop 

r3 - 0 
if (gt) pcgoto ok4 
nop 
•r2 - aO - *r2 + *r9 

r2e = ONE 
•rll • al - *rll + *r2 
if (r7-- >• 0) pcgoto Mainloop 
nop 

r8e • rl7 + FM INDEX 
• r8 aO • ieee(*rll) 

retur n (rl8) 
nop 

float 
float 
1nt24 
float 
float 
float 
float 
float 
float 
float 
float 
float 

(256.0/24000.0) 
(1.0/ (24960.0/5.0)) 

(256. 0) 
24960.0 
(1.0/5.0) 
0.0 
0.0 
0.0 
1.0 
0 . 5 
o.o 

37• float 
float 0.0 
float 0.0 
float 
float 
float 

0.0 

ProjectProject:FMAnalysis2.s 

I • al - INDEX4 

/• Multiply by 4 for float 
;• rS is index into sine table 

1• aO - Index4 • sine_table[rS] 

;• Place into sample buffer 

/* PHASE4 + INC4 

•; 

•1 
•1 

•1 

•1 

•1 

/* PHASE4 + INC4 + (MOD3*INC3) */ 

f• PHASE4 + INC4 + MOD3 - OLD_SIG3 •; 

I • r3 - PHASE4 

/* See if we're past end of table 

/* Wrap to start of table 

/* Handle negative case 

;• Increment the index 
f • Loop for size of frame 

;• Write Index to host 

/ • Sine table size/ Sample rate */ 

*/ 

*/ 

*/ 

*/ 

•j 

•; 

•1 
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\. 

INC3: float 
INC4: f loa t 
INDEXl_INC: 
INDEX2_INC: 
INDEX3_INC : 
INDEX4_INC: 

float 
float 
float 
float 

/*---------------------- These are the variable parameters------------ */ 
.rsect ".var• 
INDEX: float a.a 
PHASEl: float a.a 
PHASE2: float a.a 
PHASE3: float a.a 
PHASE4: float a.a 
INDEXl: float a.a 
INDEX2: float a.a 
INDEX3: float a.a 
INDEX4: float a.a 
FIRST_HALF: fltbits 0 
NEED_TO_INIT: fltbits OxOOOOOOOl 

/*---------------------- This is the sine wave table------------*/ 
.rsect ".tab" 
SINE_TABLE: float 0. 000000, 0. 024541, 0.049067, 0. 073563, 0.09B016 

fl oat 0.122409, 0 .14672B, 0.170 959, 0.1950B7, 0 .21909B 
float 0.242976, 0. 26670B, 0.2 902B0, 0.313677, 0. 3368B4 
float 0 .3598B9, 0 .382677, 0 . 405235, 0.427548, 0.4 49604 
float 0.471389, 0 .492891, 0. 514095, 0.534990, 0 .555562 
float 0 .575800 , 0. 595691, 0 .615223, 0.634384, 0.6 53164 
fl oat 0. 671550 , 0 . 689531, 0.707097, 0.724238, 0.7 40942 
flo at 0. 757199, 0 .773001, 0. 788337, 0 .803198, 0.8 17576 
float 0.831460, 0 .844845, 0.857720, 0.870078, 0. 881913 
float 0.893216, 0. 903981, 0.914202, 0.923872, 0.932986 
fl oat 0.941537, 0 .949522, 0.956934, 0.963770, 0. 970026 
float 0 .975697 , 0. 980781, 0 .985274, 0. 989173, 0 .992477 
float 0.995182, 0. 99728 9, 0. 998794, 0.999698, 1 .000000 
float 0. 999699, 0. 998797, 0 . 997292, 0.995187, 0.992483 
float 0 .989181, 0 .985283, 0 .980791, 0 . 975709, 0.970039 
float 0. 963784, 0. 956949, 0 . 949538, 0.941555, 0. 933004 
float 0.923892, 0. 914223, 0.904004, 0.893240, 0. 881938 
float 0. 870104, 0 .857747, 0 .844873, 0.831490, 0. 817606 
float 0. 803230, 0.7 88369, 0.7 73034, 0. 757234, 0.74 0977 
float 0. 724274 , 0.70 7135, 0 . 689569, 0. 671589, 0.6 53204 
float 0.6 34425 , 0. 615264, 0 .595733, 0.575843, 0. 555606 
fl oat 0. 535034 , 0 .514140, 0 .492936, 0.471436, 0 .449651 
float 0. 4 27596, 0 .405283, 0 . 3 82726, 0.359938, 0.3 36934 
float 0 .313727, ~ . 2 90330, 0 . 266759, 0.243027, 0 .219149 
float 0. 195139, 0 .171 0 11, 0 .146780, 0 .122461, 0.0 98068 
f loat 0. 073616, 0. 04911 9, 0 .024593, 0 .000053, - 0 .024488 
float -0.0490 14, - 0 .073511, -0.097963, - 0 .1223 56, -0.146676 
flo at -0.17090 7, -0 .195035, -0. 219046, - 0. 242925, -0.266658 
f loat - 0 .29023 0, - 0 .31362 7 , -0.336835, - 0.3 598 40, -0.382629 
float -0.405187, -0.427501, -0. 449557, -0.4713 4 3, -0.492845 
fl oat -0.51405 0, - 0 .53494 5, -0.555518, -0.57575 7, -0.595648 
float -0.615181, -0.63434 4, -0 . 653124, - 0 .6715 11, - 0 .689493 
float -0.70706 0, - 0 .724201, -0.740906, -o. 757165 , -0.772968 
float -0.788305, -0.803167, -0.817545, -0.83143 1, -0.844816 
float -0.8576 93, - 0. 87005 2 , -0.881888, -o. 8 93192 , -0 . 903959 
float -0.914181 , - 0.92 3852, -0 . 932967, - 0. 941519, -0. 94 9505 
fl oat - 0.9 56919, - 0 .963756, -0.970013, -o. 975686, -0.980771 
float -0. 9852 65 ·, - 0.9 89165, - 0. 992470, - 0. 9951 77 , -0.997285 
fl oat - 0 .99879 2 , - 0 .99969 7, -1. 00 0000, -0.999 701, -0.998799 
floa t -0.997296 , -0.995193, -0.99 24 89, -0.989188, -0.985292 
flo at -0.9808 01, -0.975720, -0.970051, -0. 9637 9 8, -0 . 956965 
floa t - 0 .94955 5 , - 0 .941573, -0.933023, - 0. 92391 2 , -0 . 914245 
float - 0 .90402 6 , - 0 .893263, - 0.8 81962, - 0 .87013 0 , -0 . 857774 
flo at -0.8449 01, - 0. 831519, -0.817636, -0.803 261 , -0.788402 
f loat - 0 . 773068, - 0 .757268, -0. 741012, -0. 724 310, -0 . 7071 72 
floa t - 0.6 89608 , - 0 . 671628, - 0 .653244, -0.63446 6 , -0.615306 
flo at - 0 .5957 75, - 0.5 75886 , -0 .55 5650, -0.535079, -0.514185 
float -0.492982, - 0. 47148 2, -0.449698, -0. 4 27 64 4, -0 . 405331 
flo at - 0 .3827 75, - 0 .359988 , -0.336984, - 0 . 313777 , -0.29038 1 
fl oat - 0 . 266810, - 0.243078 , -0. 219200, - 0 .195 190, -0 .17106 3 
fl oat -0 . 146832, - 0. 1 22513, -0.098120, - 0. 073668, -0.049172 
flo at -0.02464 6, 0 .0 000000 
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/*------------------------------------------------------------------------*/ /* FM Synthesis FFT data gen erator algorithm 3 . 
/* 

/* This a lgori thm gets loade d onto the DSP when the user opens the 
/* ana ly sis window when using FM synthesis with the configuration set to ~3.• 
/* 

/* It has 4 oscillators in this arrang ement: 
1• 
/* 

/* 

1• 
/* 

/* 

/* 

1• 
I* 
/* 

/* 

/* 

1• 
/* 

/* 

/* 

/* 

/* 

J• 

/* 

;• 
/* 

/ * 
J• 

/* COPYRIGHT 

1 

2 Oscillator 2 

V 

Oscillator 1 3 Oscillator 3 

1------------- + ---------1 
V 

Oscill ator 4 

0 <---- Out put 

/* Author Jeff Boone, Oregon State U~iversity 
/* 

!· --------------- ---------------------------------------------- ----------- */ 
finclud e <dspregs.h> 
fin clude "dspTaskDispatcherOffsets.a.h" 
fincl ude "FM Offsets .h" 

.rsect ".prog" 

loo pl: 

loop2: 

Next : 

rlOe = rl7 

r7e • rl7 + FM FLAGS 
r2e ,.. * r7 
nop 
r2e & HOST READY FLAG 
if (eq) pcgoto Endit 

r9e 
rBe 
r7e 

rl7 
PARAMS 
35 

•rs++ = a2 = dsp (*r9++) 
if (r7 -- >= 0 ) pcgoto loopl 
nop 

r9e PARAMS + FM_FREQl 
rBe INCl 
r2e = FREQ_MULT 
r6e • 2 
•rB++ ~ aO = -r2 • •r9++ 
if (r6 -- >· 0 ) pcgot o loop2 
nop 

rBe = rl7 
aO = dsp(*rB ) 
r2e = TEMP INT 
nop 
•r2 = al • int24(a0) 
J*nop 

r2e'"" *r2 

nop 
r2e • r2 - 128 
r2 - o 
if (ge) pcgoto Next2 

J • Data Buffer*/ 

/* r2 contains flag s from ho st 
/* latent instructio n 
/* test the host re a dy bit 
/* host is not ready 

/* host parameters 

/* number of params - 2 

/* copy over all params 

/ * set up INCl - INC4 

/* NumSamples 

/* r2 = NumSamples 

/* subtract the f rame size 
;• need to output more sa mple s? 

*/ 

*/ 

*/ 

* / 

*/ 

*I 

* / 

• I 

*/ 
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here: 

Next2: 

Next3: 

Next.4: 

r3e - INDEX 
r2e ZERO 
r7e = 7 
if (r7-- >= 0) pcgoto here 
*r3++ - aO • *r2 

r4e - NEED_TO_INIT 
r2e • INIT FLAG 

*r4 - r2e 

pcgot.o Endit 

r4e TEMP INT 
*r4 - r2 
nop 
aO = float(*r4) 
2•nop 

•rs - al - ieee(aO) 

rlOe +- FM_RETURN_DATA 

r4e • FIRST HALF 
r2e • •r4 
nop 
r2e , SECOND HALF 
if (eq) pcgoto Next3 
nop 

rlOe • rlO + 508 
rBe • rl7 + FM FLAGS 
r2e ,- -SECOND HALF 
•r4 • r2e 

r2e - *r8 
nop 
r2e ,- -HOST READY FLAG 
r2e I • DO_FFT_FLAG 
•rs - r2e 

pcgoto Next4 
nop 

r2e I - SECOND_HALF 
*r4,., r2e 

rlle = INDEX 
r2e = rl7 + FM INDEX 
•rll = aO = dsp(•r2) 

r7e = COMPARE 
r6e = PT FIVE 
al = •rll • *r7 
a2 = al - • r6 
r2e = TEMP INT 
nop 
•r2 a2 - int (a2) 
3*nop 
r2e - *r2 
nap 
r2 = r2*2 

r2 - r2*2 
r2e = PARAMS + r2 . 
r3e • r2 + FM ENVl 
r4e - r3 + 4 
aO = *r4 - *r3 

rSe - INDEXl I NC 
nop 
• rs = a 1 aO • * r7 

r3e = r2 + FM ENV2 
r4e = r3 + 4 
aO = •r4 - "r3 

rSe INDEX2 I NC 
nop 
• rS = al aO • • r7 

r3e - r2 + FM ENV3 
r4e = r3 + 4 

aO "" •r4 - *r3 

Project:Project:FMAnalysis3 .s 

/* don't need samples 
/* zero out our VAR parameters 
1• there are 9 of them 
I* Re-initailize the VAR parameters 
I* Zero out the parameters 

/* Turn on need to init flag 

1• exit the module 

1• put samples remaining in temp 

!• convert to float 

1• Update samples remaining 

1• rlO points to output buffer 

!• see if we're doing 1st half 

/* doing 1st half 

/* doing 2nd half, add offset 

/* Toggle FIRST_HALF 

!• r2 contains flags from host. 
/* latent. inst.ruction 
/* clear the host_ready flag 
/*set.the do fft flag 
/* write flags to memory 

/* Toggle FIRST_HALF 

/* Read index from host 

/* I • COMPARE 
/* Su bt.ract 0.5 for round 

/* a2 = Start 

/* r2 = Start 

/* r2 - r2 • 4 (for float size) 

/* Env[startJ 
/* Env [ finish ] 

/* aO - Env[finishJ - Env[start.] 

/* Save Index increment 1 

/* Env(start.J 
/* Env(finish J 
/* ao = Env[finish] - Env[start] 

/* save Index increment 2 

/* Env[start] 
/* Env(finish] 

/* aO = Env[finishJ - Env[start] 

•1 
*/ 
*/ 
*/ 
•1 

*/ 

*I 

•1 

•! 

•1 

*/ 

•1 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

•1 
*I 

*/ 

*/ 

•1 

*/ 

*/ 

*/ 

•1 

*/ 

'/ 
*/ 

*/ 

*/ 
*/ 

*/ 
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Noinit : 

Mainloop: 

les sl: 

rSe - INDEX3 INC 
nop 
•rs - al= aO • *r7 

r3e - r2 + FM_ENV4 
r4e • r3 + 4 
aO - *r4 - *r3 
rSe - INDEX4 INC 
nop 
*rS - al - ao • *r7 

ree • NEED_ TO_INIT 
r2e - •re 
nop 
r2e & INIT FLAG 
if (eq) pcgoto Noinit 

r2e ,- -INIT FLAG 
•re - r2e 

r3e - PAR.AMS+ FM ENVl 
r4e - INDEXl 
*r4 = aO - *r3 

r3e - PAR.AMS+ FM ENV2 
r4e • INDEX2 
•r4 - ao ,. *r3 

r3e •PAR.AMS+ fM_ENV3 
r4e • INDEX3 
*r4 - aO - *r3 

r3e • PAR.AMS+ rM ENV4 
r4e • INDEX4 
• r4 • aO - *r3 

r7e - 126 
r9e SINE SIZE 

rSe • PAR.AMS+ FM MININDEXl 
rle •PAR.AMS+ FM_MAXINDEXl 
a3 • *rl - •rs 
r6e = INDEXl INC 
r4e = INDEXl 
al= *r 5 + a3 * *r4 
*r4 - aO - *r4 + *r6 

r2e PHASE! 
r4e = TEMP INT 
*r4 a2 = int24 (*r2) 
3*nop 
r4e = •r4 
rle = MODl 
r4 - r4*2 
r4 = r4*2 

rSe 
• rl 

r4 + SINE TABLE 
aO = •rS • al 

r3e = INCl 
•r2 al = *r2 + *r3 
2*nop 

r3e - TEMP INT 
• r3 - aO - int24 (*r2) 
3*nop 
r3e - • r3 
nap 
r3 - 256 
if (lt) pcgoto lessl 
nap 
*r2 = aO = *r2 - •r9 

rSe PARAMS + fM MININDEX2 
rle =PAR.AMS+ FM MAXINDEX2 
a3 = *rl - *rS 
r6e - INDEX2 INC 

ProjectProject:FMAnalysis3.s 

/* Save Index increment 3 

/* Env[start] 
/* Env[finish] 
/* aO • Env[finish] - Env[start] 

/* Save Index increment 4 

/*Turnoff init flag 

/* Set up initial indexes 

/* Loop count (frameSize-2) 

/* a3 • MAX INDEXl - MIN INDEXl 

*/ 

*I 
*/ 

*/ 

*I 

*/ 

*/ 

*/ 

*/ 

/* al - (INDEXl * (MAX-MIN)) + MIN */ 
/* INDEXl • INDEXl + INDEXl INC */ 

/* Multiply by 4 for float 

/* Need to do interpolation 
/* SINE_TABLE[PHASEl] * INDEXl 

/* Ph asel = Phasel + Incl 

/* r3 

/* See if we "re past end of table 

/* Wrap to start of table 

/* a3 MAX INDEX2 - MIN INDEX2 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 
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less2: 

ok2: 

less3: 

r4e = INDEX2 
al= *r5 + a3 • *r4 
*r4 aO - *r4 • •r6 

r2e • PHASE2 
r4e - TEMP INT 
*r4 • a2 - int2 4 (*r2) 
3*nop 
r4e - *r4 
rle • MOD2 
r4 - r4*2 
r4 • r4*2 
r5e • r4 + SINE TABLE 
*rl - aO - •rs • al 

r3e • INC2 
al - *r2 + *r3 
r4e - MODl 
r5e • INCl 
•r2 - aO - al+ *r4 • •rs 
2*nop 

r3e • TEMP INT 
*r3 - aO - int2<(•r2) 
3*nop 

r3e - *r3 
nop 
r3 - 256 
if (lt) pcgoto :ess2 
nop 
*r2 - aO • *r2 - *r9 
pcgoto ok2 
nop 

r3 - O 
if (gt) pcgoto c<2 
nop 
*r2 = aO - *r2 - •r9 

r5e • PARJ\MS + ~ MININDEX3 
rle • PARJ\MS + ~ MAXINDEX3 
a3 - * rl - • rs 
r6e • INDEX3 INC 
r4e • INDEX3 
al - •rs+ a3 • •r4 
*r4 = aO = *r4 - •r6 

r2e - PHASE3 
r4e = TEMP INT 
•r4 - a2 = int2~ (*r2) 
3*nop 

r4e = *r4 
rle • MOD3 
r4 - r4*2 
r4 - r4*2 
rSe r4 + SINE :ABLE 
*rl = aO = •rs • al 

r3e - INC3 
al= *r2 + *r3 
r4e - M0D2 
r5e - INC2 
*r2 = aO - al + •r4 * •rs 
2*nop 

r3e - TEMP INT 
•r3 = aO = int2~ ( *r2) 
3*nop 
r3e - *r3 

nop 
r3 - 256 
if (lt) pcgoto :ess3 
no p 
*r2 - aO ~ *r2 - *r9 

r6e - INDEX4 INC 
r4e - INDEX4 
al = •r4 

Project:Project:FMAnalysis3.s 

/* al (INDEX2 * (MAX-MIN)) + MIN */ 

/* Multiply by 4 for float 

/* Need to do interpolation 
/* SINE_TABLE[PHASE2) * INDEX2 

/* Phase2 • Phase2 + Inc2 

/* Phase2 • Phase2 + (Modl*Incl) 

I* r3 • PHASE2 

/* See if we're past end of table 

/* Wrap to start of table 

/* Handle negative case 

/• a3 = MAX INDEX3 - MIN INDEX3 

*/ 

*/ 
*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

I• al • ( INDEX3 • (MAX- MIN) ) + MIN • / 

/* Multiply by 4 for float 

/* Need to do int erpolation */ 

/* mod3 SINE_TABLE[PHASE3 ) • INDEX3 */ 

/* Phase3 Phase3 + Inc3 */ 

/* Phase3 - Phase3 + (mod2 • inc2) 

I* r3 PHASE3 

/* See if we're past end o: table 

/* Wrap to start of table 

/* al INDEX4 */ 
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l ess 4: 

0~4 : 

End It: 

F"-EQ_MULT: 
COMPARE: 
TE.MP INT : 
SI NE SIZE: 
NUMBER_SAMP: 
A FIFTH : 
MODl : 
M0D2 : 
MOD3: 
ONE: 
PT FIVE : 
20:RO: 

PARAMS: 

OLD SIGl: 
OLD SIG2: 
OLD S IG3: 
INCl: 

INC2: 

*r4 aO - *r4 + *r6 

r2e - PHASE4 
rle • TEMP INT 
• rl • a2 • int(*r2) 
3*nop 
rle • *rl 
nop 

rl - rl*2 
rl • rl*2 
rSe • rl + SINE_TABLE 

r6e - MOD3 

aO - al • •r s 
2*nop 

* rlO++ • aO • ieee(aO) 

r3e - INC4 
rSe • INC3 
rle • INC2 
r8e • MOD2 
al • •r2 + • r3 

r4e - OLD SIG3 
nop 
a2 • al+ *r6 • • rS 
2*nop 
a2 - a2 + *r8 • *rl 
2*no p 

/* Multiply by 4 for float 
/* rS is index into sine table 

/* a O • Index4 • sine_table[rS) 

/ * Place into sample buffer 

/* PHASE4 + INC4 

/* PHASE4 + INC4 + (MOD3*I NC3) 

/* Add Inc2 * Mod2 

*/ 

*/ 

*/ 

* / 

*/ 

*I 

*/ 

*r 2 • a3 - a2 - *r4 /* PHASE4 + INC4 + MOD3 - OLD_SIG3 */ 

2*nop 

r 3e • TEMP INT 
•r3 • aO • int24( *r2 ) 
3*n op 
rJe - *r3 
nop 
r3 - 256 
if (lt) pcgoto less 4 
nop 
* r2 • aO c *r2 - *r9 
pcgoto ok4 
n op 

r3 - 0 
if (gt) pcgoto ok4 
n op 
• r2 aO = *r2 + *r9 

r 2e ONE 

I* r3 • PHASE4 

/* See if we're past end of table 

/* Wrap to start of table 

/* Handle negative case 

•rll - al *rll + *r2 /* Increment the index 
if (r7-- >• 0 ) pcgoto Mainloo p /* Loop for size of frame 
no p 

r8e - r17 + FM_INDEX 
•rs - aO - ieee(*rll) 

return (rl8) 
nop 

float 
float 

in t24 
float 
float 
float 
flo at 
fl oat 
fl oat 
floa t 
floa t 
floa t 

(256.0/24000.0) 
(1.0/ (24960.0/5.0)) 

(256. 0) 
24960.0 
(1.0 /5 . 0) 

0 . 0 
o.o 
0 .0 
1.0 
0.5 
o.o 

3 7• float 
float 0.0 
floa t 

fl oat 
fl oat 
floa t 

0 .0 
0 .0 

/* Write Index to host 

/ * Sine table size/ Sample rate */ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*I 
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INC3: float 

float 
f loat 
float 
float 
float 

\. 

INC 4 : 
INDEXl INC: 
INDEX2 INC: 
INDEX3 INC: 
INDEX4 INC: 

/* ---------------------- These are the varia ble parameters------------ */ 
.rsect " • varM 

PHASEl: float 0.0 
PHASE2: float 0.0 
PHASE3: float o.o 
PHASE4: float 0,0 
INDEX: float 0.0 
INDEXl: float o.o 
INDEX2: float 0.0 
INDEX3: float o.o 
INDEX4: float 0.0 
FIRST_ HALF: flt bits 0 
NEED_TO_INIT: flt bits OxOOOOOOOl 

/*---------------------- This is the sine wave table- ----------- */ 
.rsect •.tab" 
SINE_TABLE: float 0. 00 0000, 0.024541, 0.049067, 0.073563, 0 . 098016 

float 0 .122409, 0.146728, 0.170959, 0 .195087, 0.219098 
float 0.242976, 0.266 708 , 0 . 29028 0, 0 .313677, 0.336884 
float 0.359889, 0 .382677, 0 .405235, 0.427548, 0.449604 
float 0.4 71389, 0.492891, 0. 514095, 0.53499 0 , 0.555562 
float 0.5758 00, 0. 595691, 0 .615223, 0 ,634384, 0.65316 4 
float 0. 671550, 0,689531, 0 .707097, 0.724238, o. 740942 
float o. 757199, 0.7 73 001, 0.7 883 37, 0 .803198, 0.817576 
float 0.831460, 0.8 44845, 0.8 5772 0 , 0.870078, 0.881913 
float 0.893216, 0. 903981, 0.9 1 4202, 0.923872, 0 ,932986 
float 0.941537, 0. 949522, 0. 95693 4, 0. 963770, 0.970026 
float 0. 975697, 0 .980781, 0 .9852 74, 0,989 1 73, 0.992477 
float 0. 995182, 0 . 997 289, 0 ,998794 , 0.999698, 1. 000000 
float 0.99 9699, 0. 998797, 0 . 997292, 0,995187, 0. 992483 
float 0 . 989181, 0 . 98 528 3, 0.980791, 0. 97 57 09 , 0 .970039 
float 0. 963784, 0. 956 94 9, 0 .949538, 0.941555, 0,933004 
float 0. 923892, 0.914223, 0 .904004, 0.893240, 0.8819 38 
float 0.870104, 0.857747, 0.84 4873, 0.831490, 0. 817606 
float 0.803 23 0 , 0 . 7 88369, 0 .773034, 0,757234, 0,74097 7 
float o. 724274, o. 707135, 0. 689 5 69, 0 .6715 8 9, 0, 653204 
float 0.63442 5 , 0.615264, 0. 595733, 0.575843, 0.555606 
float 0. 535034, 0. 514140, 0 . 49 2936, 0.471436, 0.449651 
float 0.427 596, 0.405283, 0 . 38 2726 , 0.359938, 0 .336934 
float 0.3137 27, 0.290330, 0 .266 759, 0.243027, 0.219149 
float 0.19 5139, 0.171011, 0 .14 67 80, 0.122461, 0,098068 
float 0.07 3616, 0 .04911 9, 0 .024593, 0.000053, -0.024488 
float - 0 . 049014, - 0 . 073 511, -0.0 97 963, - 0.122356, - 0.146676 
float - 0 .170907, - 0 .195 035, - 0 .2 190 46, -0. 2 42 925, -0.2 66658 
float - 0 .290230, - 0.313627, -0.336835, -0.35 9840, - 0.382629 
float - 0.40 5187, - 0 .427501, - 0. 449557, -0 .4 7134 3, - 0.492845 
float - 0.514050 , - 0.534945, -0.555518, -0.575757, -0 . 595648 
float - 0 . 61 5181, - 0 .634344, - 0 .653124, -0.6 71 511, -0 . 68 94 93 
float - 0 .707060, - 0 . 724201 , - 0.740906, -0.75 71 65, -0.7 72968 
float - 0.78 8305, -0.803167, - 0 .8 1754 5, -0.831431, -0.8 44816 
float - 0 .857693, - 0 .87 0052, - 0 .88 188 8, -0.893192, -0. 903 959 
float - 0.9 14181, - 0 .923852, - 0 . 932967, -0 ,94151 9, -o . 949505 
float - 0 .956919 , - 0 .9637 56 , - 0. 97001 3, - 0.975686, -0.98 0771 
float - 0. 985265, . - 0.9 89165 , - 0 .99 247 0, -0.995177, -0.997285 
float - 0 . 998792, - 0. 99969 7 , - 1.0000 00, -0 . 99 97 01, - 0.998799 
fl oat - 0 . 997296, - 0. 995193, -o. 99248 9, - 0.989188, -0.985292 
float - 0 .980801, - 0.975720, -0 .9 7 00 51, -0. 963798, -0.956965 
float - 0 . 949555, - 0 .94157 3 , - 0.933023, -0.923 912 , -0.914245 
flo at - o. 904026 , - 0. 893263, - 0.881 962, -0. 870130, -0.857774 
float - 0.84 4901, - 0.831519, - 0 .8 176 36, -0.803261, -0.788402 
float - 0. 773068, - 0.757268, - 0. 741012, -0 .724 310, - 0 .70 7172 
float - 0.6 89608, - 0.671628 , - 0 .653 24 4, - 0 . 63 44 66, -0.61 53 0 6 
float - 0. 595 775, - 0 . 575 886 , - 0 .55 565 0, - 0. 535079, - 0 .51 41 85 
float - 0. 492982, - 0. 47148 2 , - 0.449698, -0.4 276 44, -0.405331 
float - 0.3 82775, - 0.359 988, - 0.336984, - 0 .313 777, -0 .2903 81 
float - 0 .26 68 10 , - 0 . 24 30 78, - 0 .2 1920 0, - 0.195190, -0 .171063 
float - 0 .146832, - 0 .122513, - 0.098120, -0. 073668, - 0 .049172 
float - 0.0 24646, 0.0000000 
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r /*-----------------------------------------------------------------------•/ 

/* FM Synthesis FFT data generator algorithm 4. 
I* 
/* This algorithm gets loaded onto the DSP when the user opens the 
/* analysis window when using FM synthesis with the configuration set to ~4." 
/* 

/* It has 4 oscillators in this arrangement: 
/* 

I* 
I* 
/* 
/* 

I* 
/* 

I* 
I* 
/* 

I* 
I* 
/* 

/* 

/ * 
/* 

/* 

/* COPYRIGHT 

V 

3 

Oscillator 1 2 Oscillator 2 

V 

Oscillator 3 Oscillator 4 

!-------------+ ---------1 
0 <---- Output 

/* Author Jeff Boone, Oregon State University 
/* 

/*------------------------------------------------------------------------*/ 
!include <dspregs.h> 
! include "dspTaskDispatcherOffsets.a.h" 
!include "FM Offsets.h" 

. rsect "~ prog" 

loopl: 

loop2: 

Next: 

here: 

rlOe - rl7 

r7e • rl7 + FM FLAGS 

r2e - • r7 
nop 
r2e, HOST READY FLAG 
if (eq) pcgoto Endit 

r9e rl7 

r8e = PARAMS 
r7e = 35 

•rs++= a2 = dsp ( •r9++) 

if (r7-- >= 0) pcgoto loopl 
nop 

r9e = PARAMS + FM fREQl 
r8e - INCl 
r2e = FREQ_MULT 
r6e = 2 
•rs++ = aO = •r2 . •r 9++ 

if (r6-- >= 0) pcgoto 
nop 

r8e = r17 
aO = dsp(*rB) 

r2e = TEMP INT 
nop 
•r2 - al - int24 (a O) 
3*nop 

r2e - *r2 
nop 
r2e - r2 - 128 
r2 - 0 

if (ge) pcgoto Next 2 

r3e INDEX 
r2e = ZERO 
r7e 7 
if (r7-- >= 0) pcgo to 
*r3++ = aO = *r2 
r4e • NEED TO INIT 

r2e = INIT FLAG 

loop2 

here 

/* Data Buffer 

/* r2 contains flags from host 
/* latent instruction 
/* test the host ready bit 
/* host is not ready 

/* host parameters 

/* number of params - 2 

/* copy over all params 

/* set up INCl - INC4 

/* NumSamples 

/* r2 - NumSamples 

/* subtract the frame size 
/* need to output more samp l es? 

I* don• t need samples 
I• ze ro out our VAR parameters 
/* there are 9 of them 
;• Re-initailize the VAR parameters 
/* Zero out the parameters 

*/ 

*/ 

*/ 

*/ 

*/ 

*I 

*/ 

*/ 

*/ 

*I 

*/ 

*I 
*I 

*I 
*/ 

*/ 
*I 
*/ 
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Next2: 

Next3: 

Next4: 

•r4 = r2e 

pcgoto Endit 

r4e • TEMP INT 
*r4 • r2 
nop 
aO = float (*r4) 
2*nop 
*rB • al - ieee(aO) 

rlOe +• FM_RETURN DATA 

r4e - FIRST_HALF 
r2e • •r4 
nop 
r2e, SECOND_HALF 

if (eq) pcgoto Next3 
nop 

rlOe • rlO + 508 
rBe • rl7 + FM FLAGS 
r2e &• -SECOND HALF 

• r4 - r2e 

r2e = • re 
nop 
r2e &• -HOST READY FLAG 
r2e I• DO_FFT FLAG 
• rB • r2e 

pcgoto Next4 
nop 

r2e I• SECOND_HALF 
*r4 • r2e 

rlle = INDEX 
r2e - rl7 + FM INDEX 
*rll • aO • dsp(*r2) 

r7e = COMPARE 
r6e • PT_FIVE 

al - *r ll • *r 7 
a2 • al - • r6 
r2e - TEMP INT 
nop 
*r2 a2 = in t(a2) 
3*nop 

r2e - •r2 
nop 
r2 - r2•2 
r2 = r2•2 
r2e • PARAMS + r2 
r3e = r2 + FM ENVl 
r4e = r3 + 4 
aO :s *r4 - *r3 
rSe - INDEXl INC 
nop 

•rs - al - aO * •r7 

r3e = r2 + FM ENV2 
r4e - r3 + 4 
aO = •r4 - *r3 
rSe INDEX2 INC 
nop 
•rs cal - aO • •r7 

r3e • r2 + FM ENV3 
r4e • r3 + 4 
a O - • r4 - * r3 
r5e = I NDEX3 INC 
nop 
•rs= al aO • *r7 

r3e • r2 + FM ENV4 
r4e = r3 + 4 
aO = *r4 - *r3 
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; • Turn on need to init flag 

;• exit the module 

/* put samples remaining in temp 

/* convert to float 

/* Update samples remaining 

/* rlO points to output buffer 

/* see if we're doing 1st half 

/* doing 1st half 

/* doing 2nd half, add offset 

/* Toggle FIRST_HALF 

/• r2 contains flags from host 
;• latent instruction 
;• clear the host _ready flag 
/ * set the do fft fla g 
/• write flags to memory 

/• Toggle FIRST_HALF 

/* Read index from host 

/* I* COMPARE 
/• Subtract 0.5 for round 

f• a2 Start 

! • r2 = Start 

I• r2 = r2 • 4 (for float size) 

f • Env[start] 
;• Env[finish) 
/• ao • Env[finishJ - Env(startJ 

/ * Save Index increment 1 

/• Env[start] 
; • Env(finish ) 

/• aO = Env[finishJ - Env[start] 

/• Save Index increment 2 

; • Env[start] 
f • Env[finish J 
/ • aO • Env[finish) - Env[start] 

f• Save Index increment 3 

/ • Env[startJ 
;• Env[finishJ 
/• aO = Env[finish) - Env[start] 

*I 

* / 

*/ 

*/ 

* / 

*/ 

*/ 

*/ 

*/ 

*I 
*/ 

•/ 

*I 

*/ 

* I 
*/ 

*/ 

*/ 
*/ 

• I 

• I 
• 1 
*/ 

*/ 
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Nolnit: 

Mainloop: 

lessl: 

\. 

rSe • INDEX4 INC 
nop 
*rS = al - aO * *r7 

r8e • NEED TO !NIT 
r2e - •rs 
nop 
r2e & !NIT FLAG 
if (eq) pcgoto Nolnit 

r2e &• -!NIT FLAG 

•rs - r2e 

r3e - PARAMS + FM ENVl 
r4e • INDEXl 
• r4 • aO • *r3 

r3e • PARAMS + FM ENV2 
r4e • INDEX2 
• r4 • aO • *r3 

r3e • PARAMS + FM ENV3 
r4e • INDEX3 

* r4 - aO - *r3 

r3e PARAMS + FM_ENV4 
r4e • INDEX4 
• r4 - ao -= •r3 

r7e • 126 
r9e • SINE SIZE 

rSe • PARAMS + FM MININDEXl 
rle • PARAMS + FM MAXINDEXl 
a3 - •rl - *rS 
r6e • INDEXl INC 
r4e • INDEXl 
al - *rS + a3 • *r4 
*r4 • aO - *r4 + *r6 

r2e • PHASEl 
r4e • TEMP INT 
*r4 - a2 • int24 (*r2) 
3*nop 

r4e - • r4 
rle = MODl 
r4 r4*2 

r4 = r4*2 

rSe = r4 + SINE TABLE 
*rl aO •rs * al 

r3e - INCl 
*r2 =al= *r2 + *r3 
2*nop 

r3e - TEMP INT 
*r3 = aO - int24(*r2) 
3*nop 

r3e - •r3 
nop 

r3 - 256 
if (lt) pcgoto lessl 
nop 
•r2 aO - *r2 - *r9 

rSe - PARAMS + FM MININDEX2 
rle • PARAMS + FM MAXINDEX2 
a3,. *rl - *rS 
r6e - INDEX2 INC 
r4e = INDEX2 
al = *r5 + a3 * *r4 
•r4 = ao = *r4 + •r6 

r2e PHASE2 
r4e TEMP INT 
•r4 a2 = int24 (•r2) 
3*nop 
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/* Save Index increment 4 

/*Turnoff init flag *I 

/* Set up initial indexes 

/* Loop count (frameSize-2) 

/* a3 • MAX INDEXl - MIN INDEXl 

I* a 1 • ( INDEXl • (MAX-MIN) ) + MIN * / 
/* INDEXl • INDEXl + INDEXl INC */ 

I* r4 - PHASEl 

/* Multiply by 4 for float 

/* Need to do interpolation 
/* SINE_TABLE[PHASEl] • INDEXl 

/* Phasel • Phasel + Incl *I 

/* r3 • PHASEl */ 

/* See i f we're past end of table */ 

/* Wrap to start of table */ 

/* a3 MAX INDEX2 - MIN INDEX2 */ 

/* al ( INDEX2 • (MAX-MIN)) + MIN : / 
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less2: 

less3: 

ok3: 

\. 

r4e • *r4 
rle • M0D2 
r4 • r4*2 
r4 • r4*2 
rSe • r4 + SINE TABLE 
*rl - ao - •rs • al 

r3e • INC2 
al • *r2 + *r3 
r4e • MODl 
rSe • INCl 
*r2 • aO • al + *r4 * *rS 
2*nop 

r3e - TEMP INT 
•r3 • aO - int24(*r2) 
3*nop 
r3e • *r3 
nap 
r3 - 256 
if (lt) pcgoto less2 
nap 
•r2 • aO - *r2 - *r9 

r 6e - INDEX3 INC 
r4e • INDEX3 
a 1 - • r4 
*r4 - aO - *r4 + *r6 

r2e • PHASE3 
r4e • TEMP INT 
*r4 • a2 - int24 (*r2) 
3*nop 

r4e • * r4 
rle • MOD3 

r4 - r4*2 
r4 • r4*2 
rSe - r4 + SI NE TABLE 
•rl ~ aO - *r5 • al 

r3e • INC3 
a 1 • * r2 + * r3 
r4e • MODl 
rSe = INCl 
•r2 - aO • al + *r4 * *rS 
2*nop 

r3e - TEMP INT 
*r3 - aO - int24(*r2) 
3*nop 
r3e - *r3 
nap 
r3 - 256 
if (lt) pcgoto less3 
nap 

*r2 - aO = *r2 - *r9 
pcgoto ok3 
na p 

r3 - 0 

if (gt) pcgoto ok 3 
nop 
• r2 - aO - •r2 + *r 9 

r6e - INDEX4 INC 
r4e = INDEX4 
al - *r4 
• r4 - ao - *r4 + *r6 

r2e - P HASE4 
r l e - TEMP INT 
• rl - a2 - int (*r2) 
3*n op 

rle - • rl 
nap 
rl - rl*2 
rl - rl*2 
rSe - rl + SINE TABLE 
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/* Mul tiply by 4 for float 

/* Need to do interpolation 
/* SINE_TABLE [P HASE2] * INDEX2 

/* Phase2 - Phase2 + Inc2 

/* Phase2 • Phase2 + (Modl*Incl) 

/* r3 • PHASE2 

I * See if we're past end of table 

/* Wrap to start of table 

/* al • INDEX3 
/* INDEX3 • I\uE X3 + INDEX4 INC 

/* Multiply by 4 for float 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*I 

*/ 

*/ 

*/ 

/* rS points ~o sine table */ 
/* mod3 • SI NE_ TABLE[PHASE3 ] * INDEX3 */ 

/* Phase3 = P~ase3 + Inc3 */ 

/ * Phase3 + I ~c3 + (mod l • incl) •1 

/* r3 • PHASE3 

/* See if we'ce past end of table */ 

/* Wrap to start of tab l e */ 

/* Handle nega ~i ve case */ 

/* al • INDEX{ */ 
/* INDEX4 = !\-::lEX4 + INDEX4 INC */ 

/* Multiply by 4 for float */ 
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less4: 

ok4: 

End It: 

fREQ_MULT: 
COMPARE: 
TEMP INT: 
SINE SIZE: 
NUMBER SAMP: 
A FifTH: 
MODl: 
MOD2: 
MOD3: 
ONE: 
PT_FIVE: 
ZERO: 

PAR.AMS: 
OLD SIGl: 
OLD_SIG2: 
OLD SIG3: 
INCl: 
INC2: 
INC3: 
INC4: 
INDEXl INC: 
INDEX2 INC: 
INDEX3 INC: 
INDEX4 INC: 

r6e = MOD3 

aO - *r6 + al 
rle - PT FIVE -
nop 
aO - aO . * r l 
2*nop 

aO - a l . •r s 
2*nop 
*rlO++ - aO -
r3e - INC4 
rSe • INC2 
r6e = MOD2 

al - *r2 + *r3 
r4e • OLD SI G3 
nop 

. •rs 

i eee(aO) 

a2 •al+ *r6 • • rs 
2*nop 

*r2 - a3 - a2 - *r4 

2*nop 

r3e - TEMP INT 
*r3 = aO = 1nt24(*r2) 
3*nop 
r3e • *r3 
nop 
r3 - 256 
if (lt) pcgoto less4 
nop 
*r2 - ao - *r2 - *r9 

pcgoto ok4 
nop 

r3 - O 
if (gt) pcgoto ok4 
nop 
*r2 - ao = *r2 + *r9 

r2e = ONE 

/* Mod3 + (Envelope* S1ne[PHASE4J */ 

/* Divide by 2 */ 

/* ao - Index4 • si ne_table [rS ] */ 

/* Place into sample buffer */ 

/* PHASE4 + INC4 *I 

/* PHASE4 + INC4 + (MOD2*INC2) */ 

/* PHASE4 + INC4 + MOD3 - OLD_ SIG3 */ 

I* r3 • PHASE4 *I 

/* See if we're past end of table ., 

/* Wrap to start of table */ 

/* Hand l e negative case 

*rll - al - *rll + *r2 /* Increment the index */ 

*/ if (r7-- >· 0) pcgoto Mainloop /* Loop for size of frame 
nop 

rBe rl7 + fM INDEX 
• rB aO = ieee (*rll) . 

rec urn (rlB) 
nop 

float 
float 

int24 
float 

float 
float 
float 
float 

float 
float 
float 
float 

(256.0/24000.0) 
(1.0/ (24960.0/5.0)) 

( 256. 0) 
24960.0 
(1.0/5.0) 

0.0 
0.0 
o.o 
1.0 
0.5 
0.0 

37*float 
f loat 0 . 0 
float 0.0 
float 0.0 
float 
float 
float 

float 
float 
float 
float 
float 

/* Write Index to host 

/* Sine table size/ Sample rate */ 

*I 

/* - ----- -- ------------ - - These are the variable parameters------------ */ 

'" 
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. rsect ".v ar" 
INDEX: 
PHASEl: 

PHASE2: 
PHASE3: 
PHASE4: 
INDEXl: 

float 
float 

float 
float 
float 
float 

a.a 
a.a 
a.a 
a.a 
a.a 
a.a 

\. 

INDEX2: 
INDEX3: 

INDEX4: 
FIRST_ HALF: 

float a.a 
float a.a 
float a.a 
fltbits 0 

NEED_TO_INIT: fltbits OxOOOOOOOl 

/*---------------------- This i s the sine wave table------------*/ 
.rsect •.tab• 
SINE_TABLE: float 

float 

float 
float 

float 
float 

float 
float 

float 
float 

float 
float 

float 
float 
f loat 
float 
fl oat 
fl oat 
float 
float 
float 
float 

float 
float 

float 
float 

float 
float 

float 
float 

float 
f loat 
float 
float 

float 
float 

float 
float 

float 
float 

float 
float 

float 
float 

f loat 
fl oat 

float 
float 

float 
float 

flo at 
fl oat 

0 . 000000, 0.024541, 0.049067, 0.073563, 0.098016 
0.122409, 0. 146728, 0.170959, 0.195087, 0.219098 

0. 242976, 0. 266708, 0. 290280, 0 .313677, 0 .336884 
0 . 359889 , 0.382677, 0 . 405235, 0 .4 27548, 0. 4 49604 
0.471389, 0 .492891, 0 . 514095, 0.534990, 0.555562 
0.575800, 0. 595691, 0.615223, 0.634384, 0.653164 

0.671550, 0 .689531, o. 707097, o. 724238, o. 740942 
0.757199, 0. 773001, 0 . 788337, 0 . 803198, 0.817576 
0.831460, 0.84 4845 , 0 . 857720, 0.870078, 0.881913 
0.893216, 0 .903981, 0.914202, 0.923872, 0.932986 

0.941537, 0 .949522, 0.956934, 0.963770, 0.970026 
0.975697, 0 .980781, 0 .985274, 0.989173, 0.992477 

0.995182, 0. 997289, 0 .998794, 0.999698, 1.000000 
0. 999699, 0 . 99 8797, 0. 997292, 0. 995187, 0. 992483 

0 .989181, 0 .985283, 0.980791, 0.975709, 0.970039 
0.963784, 0. 956949, 0 .949538, 0.941555, 0.933004 

0 .9238 92 , 0.9142 23, 0. 904004, 0 . 893240, 0.881938 
0 .8701 04 , 0. 857747, 0 .844873, 0.831490, 0. 817606 

o. 803 230, o. 788369, a. 773034 , a. 7 57234, o. 74 0977 
a. 724274, o . 707135, o.6 89569, o.671589, o.653204 

0.634425, 0 .615264, 0.595733, 0 .575843, 0. 555606 
0 .535034, 0 .514140, 0 .492936, 0.471436, 0.449651 

0. 427596, 0. 405283, 0. 382726, 0 .359938, 0. 336934 
0. 313727, 0 .290330, 0.266759, 0 . 243027, 0.219149 

0 .195139, 0. 171011, 0 .146780, 0.122461, 0.098068 
0 .073616, 0. 049119, 0 .024593, 0.000053, -0.024488 
- 0 .049014, - 0.07 3511, -0 . 097963, -0.122356, -0.146676 
-0.170907, - 0 .195035, -0.219046, -0.242925, -0.266658 

-0 . 290230, - 0.3 13627, - 0.336835, -0.359840, -0 . 382629 
- 0 .405187, - 0 .427501, -0.449557 , -0.471343, -0.492845 

- 0 .51405 0 , - 0 .534945, - 0.55551 8, -0.575757 , -0.595648 
- 0 .615181 , - 0 .634344, - 0.6 53124, - 0 .671511 , -0.689493 

- 0 . 70706 0 , - 0 . 724201, - o. 740906, -0. 757165, - o . 772968 
- 0 . 7 88305, - 0.80 3167, - 0 .8175 4 5, -0.83143 1, -0.844816 

-0.857693, - 0 .870052, -0.881888, -0.893192, -0.903959 
-0.914181 , - 0 .923852, -0.932967, -0.941519, -0.949505 

-0.956919 , - 0 .963756, -0.970013, -0.975686, -0.980771 
-0.985265, - 0.9 89165, -0.992470, -0.995177, -0.997285 

-0. 9987 92, - 0 . 999697, - 1. 0 00000, -0.999701 , -0. 9987 99 
-0.997296, - 0 .995193, -0.992489, -0.989188 , -0.985292 

- 0.9 8080 1, - 0.9 75720, -0 .9 70051, -0.963798, -0.956965 
-0.9495 .55, - 0.941 573, -0.933023, -0.923912, -0 . 914245 

- 0 .904026, - 0 .893263, -0.881962, - 0.870130, -0.85777 4 
- 0 .844901, - 0 .831519, -0.817636, -0.803261, -0.788402 

- o. 773068, - o . 757268, - o . 1no12, -o. 12431 0, -a . 1 0111 2 

- 0 .6896 08, - 0.67162 8, - 0 .653244, -0.6344 66 , -0.6153 0 6 

- 0. 5957 75 , - 0 .575886, - 0.5 55650, -0.53507 9, -0.514185 
- 0 .492982 , - 0. 471482, - 0 .449698, -0.427644, -0.405331 

-0 .38 2775 , - 0 .359 988, -0.336984, -0.313777, -0.290381 
- 0.2 6681 0 , - 0 . 24 3078, - 0 .219200, -0.19519 0, -0.171063 

-0.146832, - 0 .1 22513 , - 0.09 8120, -0.073668, - 0.049 1 72 
- 0 .02 4646, 0 . 0000000 
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r /*-----------------------------------------------------------------------•! 

/* FM Synthesis FFT data generator algorithm 5. 
1• 
/* This algorithm gets loaded onto the DSP when the user opens the 
/* analysis window when using FM synthesis with the configuration set to •s.# 
1• 
/* It has 4 oscillators in this arrangement: 

/* 
/* 
!• 
1• 
1• 
1• 
/* 
!• 
1• 
1• 
1• 
1• 
1• 
1• 
1• 
1• 
/* 

1• 
/* COPYRIGHT 

Osc 1 

V V V 

2 Osc 2 3 Osc 3 4 Osc 4 

1---------------1--------------1 
+ 
0 <--- Output. 

/* Author Jeff Boone, Oreg on Sta t e University 
/• 

/*------------------------------------------------------------------------•! 
fincl ude <dspregs.h> 
finclude "dspTaskDispatcherOffsets.a.h" 
finclude "FM Offsets.h" 

.rsect 11 .progN 

loopl: 

loop2: 

Next: 

here: 

rlOe = rl7 

r7e • rl7 + FM FLAGS 
r2e = •r7 
nop 
r2e & HOST READY FLAG 
if (eq) pcgoto Endit. 

r9e - rl7 
rBe - PARAMS 
r7e = 35 

•rs++= a2 = dsp (*r9++) 
if (r7-- >= 0) pcgoto loopl 

nop 

r9e PARAMS + FM FREQl 
r8e INC l 
r2e = FREQ_MULT 
r6e = 2 
*rB++ = aO = *r2 * *r9++ 
if (r6-- >= 0) pcgoto lo op2 
nop 

rBe - rl7 
aO = dsp(*rB) 
r2e = TEMP INT 
nop 
•r2 = al = in t24 (aO) 

3*nop 
r2e - *r2 
nop 
r2e • r2 - 12 8 

r2 - O 
if (ge) pcgoto Next2 

r3e = INDEX 

r2e - ZERO 
r7e • 7 
if (r7-- >= 0 ) pcgoto here 
*r3++ - a O - *r2 
r4e = NEED TO INIT 

/* Data Buffer 

/* r2 contains flags from host 
/* latent inst.ruction 
1• test the host ready bit 
1• host is not. ready 

1• host parameters 

/* number of params - 2 

/* copy over al l params 

/* set. up INCl - I NC4 

/* Numsamples 

1• r2 - NumSamples 

!• subtract the f rame size 
1• need to output more samples? 

1• don't need samples 
1• zero out our VAR parameters 
/* there are 9 of them 
1• Re-initailize the VAR parameter s 
1• Zero out the parameters 

•1 

*/ 

* / 

* / 

*/ 

* / 

*/ 

*/ 

*/ 

*I 

*/ 

*I 

* / 

•t 
*/ 
* / 

*/ 
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Next2: 

NextJ: 

Next4: 

\. 

r2e = INIT FLAG 
*r4 .. r2e 

pcgoto Endlt 

r4e - TEMP_INT 
*r4 - r2 
nop 
aO - float (*r4) 
2*nop 
•rs - al - ieee(aO) 

rlOe +• FM_ RETURN DATA 

r4e - FIRST HALF 
r2e - *r4 
nop 
r2e, SECOND HALF 
if (eq) pcgoto Next3 
nap 

rlOe - rlO + 508 
r8e - rl7 + FM FLAGS 
r2e &- ~SECOND HALF 
• r4 .. r2e 

r2e - •rs 
nop 
r2e &- -HOST READY FLAG 
r2e 1- DO_FFT_FLAG 
•rs - r2e 

pcgoto Next4 
nop 

r2e 1- SECOND_HALF 
*r4 - r2e 

rlle = INDEX 
r2e - rl7 + FM INDEX 
*rll • aO - dsp(*r2) 

r7e - COMPARE 
r6e - PT FIVE 

al - *rll • *r7 
a2 - al - • r6 
r2e - TEMP INT 
nap 
*r2 a2 - int(a2) 
J*nop 
r2e - *r2 
nap 
r2 = r2*2 
r2 = r2*2 
r2e = PARAMS + r2 
rJe - r2 + FM ENVl 
r4e - rJ + 4 
aO "" •r4 - *r3 
rSe • INDEXl INC 
nap 
*rS - al - aO * *r7 

rJe = r2 + FM ENV2 

r4e - rJ + 4 
aO = *r4 - •r3 

rSe INDEX2 INC 
nap 

• rs = a 1 aO • • r7 

rJe - r2 + FM ENVJ 
r4e - rJ + 

aO = •r4 - • r3 
rSe = INDEXJ INC 
nap 
•rs al aO * • r:7 

rJe • r2 + FM ENV4 
r4e - rJ + 

Project:Project:FMAnalysis5.s 

/* Turn on need to init flag 

/* exit the module 

/* put samples remaining in temp 

/* convert to float 

/* Update samples remaining 

/* rlO points to output buffer 

/* see if we're doing 1st half 

/* doing 1st half 

/* doing 2nd half, add offset 

/* Toggle FIRST_HALF 

/* r2 contains flags from host 
/* latent instruction 
/* clear the host_ready flag 
/* set the do_fft flag 
/* write flags to memory 

/* Toggle FIRST_HALF 

/* Read index from host 

/* I * COMPARE 
/* Subtract 0.5 for round 

/* a2 Start 

/* r2 - Start 

I* r2 = r2 • 4 (for float size) 

/* Env[start) 
/* Env[finish) 
/* ao - Env[finish) - Env[start] 

/* Save Index increment 1 

/* Env[start] 
/* Env[finish] 
/* aO = Env[finish) - Env[startJ 

/* Save Index increment 2 

/* Env[start) 
/* Env[finish) 
/* aO - Env[finish) - Env[start) 

/* Save Index increment J 

/* Env[startl 
/* Env[finish) 

*/ 

*I 

*I 

*/ 

*/ 

*I 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*I 
*I 

*/ 

*/ 

*/ 
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Noinit: 

Mainloop: 

lessl: 

a0 - *r4 - *r3 
rSe INDEX4 INC 
nop 
•rs - al • a0 • *r7 

r8e - NEED TO INIT 
r2e • •re 
nop 
r2e & INIT FLAG 
if (eq) pcgoto Noinit 

r2e &• ~INIT FLAG 
•rs - r2e 

r3e • PARAMS + FM ENVl 
r4e • INDEXl 
*r4 - a0 - *r3 

r3e - PARAMS + FM ENV2 
r4e - INDEX2 
• r4 - a0 - *r3 

r3e - PARAMS + FM_ENV3 
r4e • INDEX3 
• r4 - a0 ""'*r3 

r3e - PARAMS + FM ENV4 
r4e - INDEX4 
• r4 - a0 - *r3 

r7e - 126 
r9e • SINE SIZE 

rSe - PARAMS + FM_MININDEXl 
rle • PARAMS + FM MAXINDEXl 
a3 - •rl - •rs 
r6e - INDEXl INC 
r4e • INDEXl 
al - •rs + a3 • *r4 
*r4 - aO - *r4 + *r6 

r2e • PHASEl 
r4e • TEMP INT 
•r4 • a2 - int24 (*r2) 
J•nop 
r4e = *r4 
rle • MODl 
r4 • r4*2 
r4 - r4•2 

rSe r4 + SINE TABLE 
•rl = a0 • •rs • al 

r3e INCl 
*r2 - al - *r2 + *r3 
2•nop 

r3e • TEMP INT 
*r3 • a0 • int24('r2) 
J•nop 
r3e • •r3 
nop 
r3 - 256 
if (lt) pcgoto lessl 
nap 
*r2 ~ aO - *r2 - *r9 

r6e - INDEX2 INC 
r4e INDEX2 
al= *r4 
*r4 ~ aO ~ *r4 + *r6 

r2e - PHASE2 
r4e = TEMP INT 
•r4 a2 = 1nt24 ('r2) 
J•nop 
r4e = *r4 

Project:Project:FMAnalysis5.s 

;• a0 = Env[finish] - Env[start] 

/• Save Index increment 4 

I* Turn off init flag 

/*Setup initial indexes 

/' Loop count (frameSize-2) 

/* a3 • MAX INDEXl - MIN INDEXl 

•; 

•1 

•1 

*/ 

*/ 

•; 

/• al • (INDEXl • (MAX-MIN)) + MIN •; 
;• INDEXl • INDEXl + INDEXl INC •; 

I• r4 = PHASEl 

;• Multiply by 4 for float 

/' Need to do interpolation 
/* SINE_TABLE[PHASEl] • INDEXl 

;• Phasel • Phasel + Incl 

I• r3 • PHASEl 

!• See if we're past end of table 

;• Wrap to start of table 

; • al = INDEX2 
/' INDEX2 = I NDEX2 - INDEX2 I~C 

/* r4 PHASEl 

•; 

•; 

*/ 

*I 

•; 

'/ 

•; 

•; 

•; 
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less2: 

ok2: 

less3: 

oU: 

\. 

rle - MOD2 
r4 • r4*2 
r4 - r4*2 

rSe - r4 + SINE TABLE 
r3e - PT FIVE 
•rl - aO • al * *r5 

r3e - INC2 
al - *r2 + *r3 
r4e - MODl 
rSe • INCl 
*r2 - aO •al+ *r4 • •rs 
2*nop 

r3e • TEMP INT 
*r3 - aO • int24(*r2) 
3*nop 
r3e • *r3 
nop 
r3 - 256 
if (lt) pcgoto less2 
nop 
*r2 - aO a *r2 - *r9 

r3 - O 
if (gt) pcgoto ok2 
nap 
*r2 • aO - *r2 + *r9 

r6e • INDEX3 ISC 
r4e • INDEX3 
al • • r4 
*r4 • aO - *r4 + *r6 

r2e • PHJ\SE3 
r4e • TEMP INT 
•r4 - a2 • int24 (*r2) 
3*nop 

r4e - *r4 
rle - MOD3 
r4 - r4*2 
r4 • r4*2 
rSe • r4 + SINE TABLE 
*rl - aO - •rs • al 

r3e • INC3 

al - *r2 + *r3 
r4e • MODl 
rSe = INCl 
*r2 = aO = al - •r4 • •rs 
2•nop 

r3e = TEMP INT 
*r3 - aO = int2~(•r2) 
3*nop 
r3e "" *r3 
nop 
r3 - 256 

if (lt) pcgoto :ess3 
nap 

*r2 - aO - *r2 - •r9 
pcgoto ok3 
nop 

r3 - 0 
If (gt) pcgoto o k3 
nop 
*r2 - aO - *r2 - •r9 

r6e - INDEX4 rs : 
r4e • INDEX4 

al - • r4 
*r4 - aO - *r4 - *r6 

r2e = PHASE4 
rle TEMP INT 

*rl a2 - int ( •r2) 

ProjectProject:FMAnalysis5.s 

/* Multiply by 4 for float *I 

/* rS is index into sine table */ 

/* SINE_TABLE[PHJ\SE2] * INDEX2 */ 

/* al - Phase2 + Inc2 */ 

/* Phase2 • Phase2 + Inc2 + (MODl*INCl) */ 

I* r3 • PHJ\SE2 

/* See if we're past end of table 

/* Wrap to start of table 

/* Handle negative case 

/* al - INDEX3 
/* INDEX3 • INDEX3 + INDEX3 INC 

/* Multiply by 4 for float 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

/* Need to do interpolation */ 
/* mod3 - SINE_TABLE[PHASE3J * INDEX3 */ 

/* Phase3 • Phase3 + Inc3 

/* Phase3 + I :ic3 + (modl • incl) 

/* r3 PHJ\SE3 

/* See i f we',e past end of table 

/* Wrap to start of table 

/* Handle negative case 

/* al = INDEX4 

/* INDEX4 • I ~EX4 + INDEX4 INC 

*/ 

*/ 

*/ 

• I 

•1 

*/ 

*/ 

*/ 

Page4 
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less4: 

ok4: 

Endit : 

FREQ_MULT: 
COMPARE: 
TEMP INT: 
SINE SIZE: 
NUMBER SAMP: 
A FIFTH: 
MODl: 
MOD2: 
MOD3: 
ONE: 
PT_FIVE: 
PT THREE: 
ZERO: 

PARAMS: 
OLD SIGl: 
OLD SIG2: 
OLD SIG3: 
INCl: 
INC2 : 
INC3: 
INC4 : 
INDEXl INC: 

3 *nop 
rle = *rl 
nop 
rl - rl*2 
rl - rl*2 
r5e • rl + SINE TABLE 
r6e - MOD3 
aO • *r6 + al • *r5 
r3e - MOD2 
nap 
aO • aO + • r3 
rle = PT_THREE 
nap 
aO • aO • • rl 
2*nop 

aO • al • •rs 
2*nop 
•rlO++ • aO • ieee(aO) 

r3e - INC4 
al• *r2 + •r3 
r4e • MODl 
r5e • INCl 
• r2 - aO • al+ *r4 • *rS 
2•nop 

r3e • TEMP INT 
•r3 - aO • int24(•r2) 
3*nop 

r3e • •r3 
nap 
r3 - 256 
if (lt) pcgoto less4 
nap 
•r2 • aO - *r2 - •r9 
pcgoto ok4 
nap 

r3 - 0 
if (gt) pcgoto ok4 
nap 
*r2 - aO ~ *r2 + *r9 

r2e • ONE 

/• Multiply by 4 for float 

/* Mod3 + Carrier 

/* Mod3 +Carrier+ Mod2 

/* Divide by 3 

I* aO - Index4 • sine_table[r5] 

/* Place into sample buffer 

/* PHASE4 + INC4 

/* PHASE4 - PHASE4 + (MODl*INCl) 

/• r 3 PHASE4 

I' See if we're past end of table 

/' Wrap to start of table 

/* Handle negative case 

•rll • al - •rll + •r2 /* Increment the index 
if (r7-- >· 0) pcgoto Mainloop I' Loop for size of frame 
nap 

rBe • rl7 + FM INDEX 
•rs - aO - ieee(•rll) 

return (rlB) 
nap 

float (256. 0/240 00. 0 ) 
float (1.0/ (24960.0/5. 0)) 
int24 
float (256 .0) 
float 24960.0 
float (1.0/5.0) 
fl oat 0.0 
float 0.0 
float 0.0 
float 1.0 
float 0.5 
float 0.3933333 
float O. 0 

37*float 
float 0.0 
float 0.0 
float 0.0 
float 
float 
float 
float 
float 

/* Write Index to host 

/* Sine table size/ Sample rate•; 

*/ 

•1 

•1 

*/ 

*/ 

•1 

•1 

•; 

•1 

•1 
•; 

•1 
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INDEX2 INC: float 
INDEX3 INC: float 
INDEX4 INC: float 

/*---------------------- These are the variable parameters------------*/ 
.rsect •.var• 
INDEX: float a.a 
PHASEl: float 0.0 
PHASE2: float 0.0 
PHASE3: float a.a 
PHASE4: float a.a 
INDEXl: float 0.0 
INDEX2: float a.a 
INDEX3: float a.a 
INDEX4: float 0.0 
FIRST _ HALF: flt bits 0 
NEED_ TO_ INIT: fltbits OxOOOOOOOl 

/* - --------------------- This is the sine wave table------------*/ 
.rsect •. tab• 
SINE_TABLE: float 0.000000, 0.024541, 0.049067, 0.073563, 0. 0 98016 

float 0 .122409, 0 . 146728, 0.170959, 0 .195087, 0.219098 
float 0 .242976, 0.266708, 0.290280, 0.313677, 0.336884 
float 0.359889, 0.382677, 0.405235, 0.427548 , 0.449604 
float 0.471389, 0.492891, 0.514095, 0.534990, 0.555562 
float 0.575800, 0.595691, 0.615223, 0.63 4 384, 0.653164 
float 0. 671550, 0.689531, 0.707097, o. 724238, 0.740942 
float o. 757199, 0.773001, 0.788337, 0.803198, 0.817576 
float 0.831460, 0.844845, 0 .857720, 0.870078, 0.881913 
float 0.893216, 0. 903 981, 0.9 14202, 0. 923872 , 0 . 932986 
float 0.941537, 0.949522, 0.956934, 0.9 63770, 0.970026 
float 0. 975697, 0.980781, 0.985274, 0.989173, 0.992477 
float 0. 995182, 0. 997289, 0.998794, 0.999698, 1.000000 
float 0. 999699, 0. 998797, 0 . 997292, 0 . 995187, 0.992483 
float 0.989181, 0.985283, 0.980791, 0. 975709, 0.970039 
float 0 . 963784, 0. 95694 9, 0.949538, 0.941555, 0.933004 
float 0. 923892, 0.914223, 0.904004, 0.893240, 0.881938 
float 0.870104, 0.857747, 0.844873, 0.831490, 0. 817 60 6 
float 0.803230, 0. 788369, 0.773034, 0.757234, 0.74097 7 
float o. 724274, o. 707135, 0.689569, 0.671589, 0.653204 
float 0.634425, 0.615264, 0.595733, 0.575843, 0.555606 
float 0.535034, 0.514140, 0.492936, 0.471436, 0.449651 
float 0.427596, 0.405283, 0 .382726, 0.359938, 0.336934 
float 0.313727, 0.290330, 0.266759, 0.243027, 0.219149 
float 0 .195139, 0.171011, 0.146780, 0.12246 1 , 0. 098068 
float 0.073616, 0.049119, 0.024593, 0 .000053, -0.024488 
float - 0 .049014, - 0.0 73511, - 0.097963, -0.122356, -0.146676 
float - 0 . 170 907, - 0 .195035, - 0.219046, - 0.242925, -0.266658 
float - 0. 290230, -0.313627, -0.336835, -0.359840, - 0.382629 
float - 0 . 405187, -0 .42 7501, - 0.449557, -0. 471 343, - 0.492845 
float - 0 .514050, - o. 534 94 5, -0.555518, -0.575757, - 0.595648 
float - 0 .615181, -0.634344, -0. 653124, -0 . 671511, - 0.689493 
float - 0.70 7060, -0. 724201, - 0. 740906, -0.757165, -0.772968 
float - 0 .788305, - 0.803167, -0.817545, -0.831431, -0 . 844816 
float - 0.8 57693, -0.870052, -0 .8 81888, -0. 8 93192, -0.903959 
float - 0 .914181, -0 . 923852, -o. 932967, -0 .941 519, -0. 949505 
float - 0 . 956919, -0. 963756, -0.970013, -0.975686, -0.980771 
float - 0 . 985265, -0.989165, -0.992470, -0 .995177 , - 0.997285 
float - 0 .998792, -0.999697, -1.000000, -0 . 999701, -0.998799 
float - 0 .997296, - 0 .995193, -0. 992489, -0.989188, - 0. 985292 
float - 0 .980801, - 0. 975720, - 0.970051, -0.963798, -0.956965 
float - 0. 949555, - 0. 941573, - 0.933023, -0. 923912, - 0.914245 
float - 0 .904026, -0.893263, -0.881962, -0.870130, -0.857774 
float - 0 .844901, - 0.83 1519, -0.817636, - 0.803261, - 0.788402 
float - 0 .773068, -0.757268, -0.741012, -0.724310, -0. 707172 
float - 0 .689608, -0.671628, -0.653244, -0. 634 4 66, -0.615306 
float - 0 . 595775, -0. 575886, -0.555650, -0.535 0 79, -0.514185 
float - 0 .492982, -0.471482, -0.449698, -0.427644, -0.405331 
float - 0 .382775, -0 .3 59988, -0.336984, -0 . 313 777, -0.290381 
float - 0. 266810, -0.243078, - 0 . 219200 , -0.195190, -0.17 106 3 
float - 0 . 14 6832, -0 .122513, -0.09812 0, -0. 073 668, -0.049172 
float - 0 . 024646, 0.0000000 

\.. 
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/*-----------------------------------------------------------------------*! /* FM Synthesis FFT data generator algorithm 6. 
/* 

/* This algorithm gets loaded onto the DSP when the user opens the 
/* analysis window when us ing FM synthesis with the configuration set to ~6." 
/* 

/* It has 4 oscillators in this arrangement: 
/* 
/* 

/* 
/* 

/* 
/* 
/* 
/* 

/* 
/* 

/* 
/* 

/* 
/* 

/* 

I* 
/* 
/* 

/* COPYRIGHT 

Osc 1 

V V 

2 Osc 2 3 osc 3 osc 4 

1---------------1---------------1 
+ 
0 <---- Output 

/* Author Jeff Boone, Oregon State University 
/* 

/* ------------------------------------------------------------------------ */ 
f include <dspregs.h> 
finclude "dspTaskDispatcherOffsets.a.h" 
finclude "FM_Offse ts.h " 

.rsect ".prog" 

loopl: 

loop2: 

Next: 

here: 

rlOe - rl7 

r7e - rl7 + FM F:.AGS 
r2e = • r7 
nop 
r2e & HOST READY FLAG 
i f (eq) pcgoto ~~dit 

r9e = rl7 
r8e = PARAMS 

r7e - 35 

•rs++ - a2 - dsp (•r9++ ) 
if (r7-- >- 0) pcgoto loopl 
no p 

r9e - PARAMS + ~ FREQl 
r8e INCl 
r2e FREQ_MULT 
r6e 2 
*r8++ ~ aO ~ *r2 • *r9++ 
if (r6-- >- 0) pcgoto loop2 
nop 

rBe = rl7 

aO - dsp(*r8) 
r2e - TEMP INT 
nop 
•r2 al = int2~ (aO) 
3*nop 

r2e - *r2 
nop 
r2e - r2 - 128 
r2 - 0 
if (ge) pcgoto Sext 2 

r3e - INDEX 
r2e = ZERO 
r7e = 7 
if (r7-- >= 0) pcgoto 
*r3++ = aO = *r2 
r4e = NEED TO rs:: 

here 

/* Data Buffer 

/* r2 contains flags from hos t 
/* latent instruction 
/* test the host ready bit 
/* host is not ready 

/* host parameters 

/* number of params - 2 

/* copy over all params 

/* set up INCl - INC4 

/* NumSamples 

/* r2 = NumSamples 

1 • subtract the frame size 
/* need to output more sa mple s? 

/' don't need samples 
/* zero out our VAR paramecers 
/* there are 9 of them 
/* Re-initailize the VAR parameters 
/* Zero out the parameters 

Page 1 
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Next2: 

Next3: 

Next4: 

\. 

r2e INIT FLAG 
*r4 - r2e 

pcgoto Endit 

r4e • TEMP INT 
*r4 • r2 
nop 
ao - float (*r4) 
2*nop 

•re - al - ieee(aO) 

rlOe +• FM_RETURN_DATA 

r4e • FIRST HALF 
r2e • *r4 
nop 
r2e & SECOND_HALF 
if (eq) pcgoto Next3 
nop 

rlOe - rlO + 508 
r8e • rl7 + FM FLAGS 
r2e &= -SECOND HALF 
*r4 - r2e 

r2e - •re 
nop 
r2e &= ~HOST READY FLAG 
r2e I= DO_FFT_FLAG 
• r8 - r2e 

pcgoto Next4 
nop 

r2e 1- SECOND_ HALF 
*r4 - r2e 

rlle = INDEX 
r2e = rl7 + FM INDEX 
•rll = aO = dsp(*r2) 

r7e • COMPARE 

r6e - PT_FIVE 
al - •rll • •r7 
a2 - al - *r6 
r2e - TEMP INT 
nop 
*r2 = a2 - int(a2) 
3*nop 
r2e - *r2 
nop 
r2 - r2*2 
r2 - r2*2 
r2e • PARAMS + r2 
r3e - r2 + FM ENVl 
r4e = r3 + 4 
a O = * r4 - • r3 
r5e • INDEXl INC 
nop 
*r5 = al aO • • r7 

r3e = r2 + FM ENV2 
r4e - r3 + 4 
ao-•r4 - *r3 
r5e - INDEX2 INC 
nop 
•rS - al - aO * *r7 

r3e - r2 + FM ENV3 
r4e • r3 + 4 
a0=*r4-*r3 
r5e - INDEX3 INC 
nop 
•rs - al - ao * •r7 

r3e = r2 + FM ENV4 

r4e - r3 + 4 

ProjectProject:FMAnalysis6.s 

/* Turn on need to init flag 

/* exit the module 

/* put samples remaining in temp 

/* convert to float 

/* Update samples remaining 

/* rlO points to output buffer 

/* see if we're doing 1st half 

/* doing 1st half 

/* doing 2nd half, add offset 

/* Toggle FIRST HALF 

/* r2 contains flags from host 
/* latent instruction 
/* clear the host_ready flag 
/* set the do fft flag 
/* write flags to memory 

/* Toggle FIRST_HALF 

/* Read index from host 

I* I * COMPARE 
/* Subtract 0.5 for round 

I • a2 Start 

/ * r2 = Start 

/* r2 - r2 • 4 (for float size) 

/* Env[startJ 
/* Env[finishJ 

/* aO = Env[finish J - Env[startJ 

/* Save Index increment 1 

/* Env[startl 
/* Env[finishJ 
/* aO = Env[finishJ - Env[startJ 

/* Save Index increment 2 

/* Env[startj 
/ * Env(finishJ 

/ * ao = Env[finish) - Env[start] 

/* Save Index increment 3 

/* Env[start] 
/* Env[finish) 

*/ 

*/ 

*/ 

*/ 

*/ 

*I 

*/ 

*/ 

*I 

*/ 

*/ 

*/ 

*/ 

*/ 

•; 

*/ 

*/ 

*/ 

•; 

*/ 

*/ 

*I 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

•; 
*/ 

*/ 

*/ 

*/ 

*/ 

Page 2 



\. 

2/26/91 1:41 AM 

Noinit.: 

Mainloop: 

lessl: 

aO ,. * r4 - • r3 
rSe • INDEX4 INC 
nap 
•rs - al - a0 • •r7 

rBe - NEED TO INIT 
r2e • •ra 
nap 
r2e, INIT FLAG 
if (eq) pcgoto Noinit 

r2e ,- -INIT FLAG -
•ra - r2e 

r3e • PARAMS + FM ENVl 
r4e - INDEXl 
•r4 • a0 - *r3 

r3e - PARAMS + FM_ENV2 
r4e - INDEX2 
*r4 - ao - *r3 

r3e - PARAMS + FM ENV3 
r4e - INDEX3 
*r4 - a0 - *r3 

r3e - PARAMS + FM_ENV4 
r4e • INDEX4 
*r4 • a0 - •r3 

r7e • 126 
r9e • SINE SIZE 

rSe • PARAMS + FM MININDEXl 
rle • PARAMS + FM MAXINDEXl 
a3 - *rl - •rs 
r6e • INDEXl INC 
r4e • INDEXl 
al ,. *rS + a3 • *r4 
*r4 • ao • *r4 + *r6 

r2e • PHASEl 
r4e = TEMP INT 
*r4 • a2 - int.24 (*r2) 
3*nop 
r4e = •r4 
rle • MODl 
r4 = r4*2 
r4 = r4*2 

rSe • r4 + SINE TABLE 
*rl 2 aO - •rs • al 

r3e • INCl 
*r2 - al - *r2 + •r3 
2*nop 

r3e • TEMP INT 
*r3 • a0 - int.24(*r2) 
3*nop 
r3e - • r3 
nap 
r3 - 256 
if (lt.) pcgot.o lessl 
nap 
*r2 = aO = •r2 - *r9 

r6e = INDEX2 INC 
r4e INDEX2 
a 1 = • r4 
*r4 ~ aO = •r4 + *r6 

r2e - PHASE2 
r4e • TEMP INT 
•r4 • a2 - int.24 (*r2) 
3*nop 
r4e - • r4 

Project:Project:FMAnalysis6.s 

/* a0 • Env[finish) - Env[start.) 

/* save Index increment. 4 

/*Turnoff init flag 

/*Setup initial indexes 

/* Loop count. (frameSize-2) 

/* a3 • MAX INDEXl - MIN INDEXl 

*I 

*/ 

*I 

*I 

*/ 

/* al • (INDEX! • (MAX-MIN)) + MIN * / 
/* INDEXl • INDEXl + INDEXl INC */ 

I• r4 • PHASEl 

/* Multiply by 4 for float. 

/* Need t.o do interpolation 
/* SINE_TABLE[PHASEl) • INDEXl 

/* Phasel = Phasel + Incl 

I* r3 • PHASEl 

/* See if we're past end of table 

/* Wrap t.o st.art. of table 

/* al = INDEX2 
/* INDEX2 = INDEX2 + INDEX2 INC 

/* r4 PHASEl 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

.• I 

*/ 
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less2: 

less3: 

ok3: 

r l e • MOD2 

r4 - r4*2 
r4 - r4*2 

rSe - r4 + SINE TABLE 
r3e • PT FIVE 
*rl - aO • al • *rS 

r3e - INC2 
•~2 •al=- *r2 + •r3 
2*nop 

r3e - TEMP INT 
*r3 • aO • int24(*r2) 
3*nop 

r3e - *r3 
nop 
r3 - 256 
if (lt) pcgoto less2 
nop 
*r2 - aO • *r2 - *r9 

r6e - INDEX3 INC 
r4e • INDEX3 
a 1 = • r4 
•=4 • aO - *r4 + *r6 

r2e • PHASE3 
r4e • TEMP INT 
•r4 • a2 • int24 (*r2) 
3•nop 

r4e - *r4 
rle • MOD3 
r4 • r4*2 
r4 • r4*2 
r5e • r4 + SINE TABLE 
•~l • aO - *rS * al 

r3e • INC3 

a 1 =- * r2 + • r3 
r4e • MODl 
rSe • INCl 
•=2 - aO • al + *r4 • •rs 
2•nop 

r3e • TEMP INT 
•r3 - aO - int24(*r2) 
3•nop 

r3e = *r3 
:cop 
r3 - 256 
i ~ (lt) pcgoto less3 
r.op 

•r2 - aO = *r2 - *r9 
pcgoto ok3 
r.op 

:::3 - 0 

:~ (gt) pcgoto ok3 
c,op 
•~2 - ao • *r2 + •r9 

r6e • INDEX4 INC 
:::~e • INDEX4 
a l • *r4 
•=4 s aO - *r4 + *r6 

::: 2e = PHASE4 
rle = TEMP INT 
•rl • a2 • int (*r2) 
3•nop 

:-: e = *rl 
c.op 
:::l • rl*2 

:-! ""'rl*2 
:::5e • rl + SINE TABLE 
:::6e • M0D3 
aO s •r6 + al • •rs 
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/* Multiply by 4 for float 

I* r5 is index into sine table 

/* SINE _TABLE[PHASE2] * INDEX2 

/* Phase2 - Phase2 + Inc2 

I* r3 • PHASE2 

/* See if we're past end of table 

/* Wrap to start of table 

/* al = INDEX3 
/* INDEX3 • INDEX3 + INDEX3 INC 

/* Multiply by 4 for float 

*I 

*I 

*I 

*I 

*I 

*I 

*I 

*/ 

*I 

*/ 

/* Need to do interpolation */ 
/* mod3 - SINE_TABLE[PHASE3] * INDEX3 •; 

/* Phase3 - ?hase3 + Inc3 

/ * Phase3 + Inc3 + (modl • incl) 

I* r3 • P HASE3 

/ * See if we're past end of table 

/ * Wrap to start of table 

/ * Handle negative case 

/ * al = INDEX4 
/* INDEX4 = :NDEX4 + INDEX4 INC 

/* Multiply by 4 for float 

/* Mod3 + Carrier 

*/ 

*I 

*I 

*/ 

*I 

*/ 

• I 
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less4: 

ok4: 

End It: 

fREQ_MULT: 
COMPARE: 
TEMP_INT: 
SINE_SIZE: 
NUMBER SAMP : 
A_fifTH: 
MODl: 
MOD2: 
MOD3: 
ONE: 
PT_THREE: 
PT_ fIVE: 
ZERO: 

PARAMS: 
OLD_SIGl: 
OLD SIG2: 
OLD SIG3: 
INCl: 
INC2: 
INC3: 
INC4: 
INDEXl INC: 
INDEX2 INC : 
INDEX3 INC: 
INDEX4_INC: 

rle - PT_THREE 
r3e • MOD2 
aO • aO + * r3 
2*n op 
ao - aO • • rl 
2*nop 

aO - al• •rs 
2*nop 
*rlO++ • aO - ieee(aO) 

r3e - INC4 
rSe • INCl 
r6e • MODl 
al - *r2 + *r 3 
r4e • OLD SIG3 
nop 
a2 •al+ *r6 * •rS 
2*nop 
*r2 - a3 • a2 - *r4 

2*nop 
r3e • TEMP INT 
*r3 • aO • int24(*r2) 
3*nop 
r3e • • r3 
nop 
r3 - 256 
if (l t) pcgoto l ess4 
nop 
*r2 - aO - *r2 - •r9 
pcgoto ok4 
nop 

r3 - 0 
if (gt) pcgoto ok4 
nop 
*r2 - aO = *r2 + •r9 

r2e • ONE 

/* Mod3 +Carrier+ Mod2 

/* Divide by 3 

/* aO • Index4 * sine_table[rS] 

/* Place into sample buffer 

/* PHASE4 + INC4 

/* PHASE4 + INC4 + (MODl*INCl) 

*/ 

*/ 

* / 

*/ 

*/ 

*/ 

/* PHASE4 + INC4 + MODl - OLD_SIG3 */ 

I* r3 • PHASE4 */ 

/* See if we're past end of table */ 

/* Wrap to start of table */ 

/* Handle negative case */ 

*rll =al• *rll ♦ *r2 /* Increment the index */ 

*/ if (r7-- >· 0) pcgoto Mainloop /* Loop for size of frame 
nop 

rBe • rl7 + fM I~ DEX 
•re aO = ieee (*rll) 

return (rlB) 
nop 

float 
float 
int 24 

float 
float 
float 
float 
float 
float 
float 
float 
float 
float 

(256. C/ 24000.0) 
(1. 0/ (24960 . 0/5.0)) 

(256. 0 ) 
2496 0 . 0 
(1. 0/ 5.0) 
o.o 
0.0 
0.0 
1.0 
0.3933333 
0.5 
0.0 

37* float 
float 0.0 
float a.a 
float a.a 
float 
float 
float 
float 
float 
float 
float 
fl o at 

/* Write Index to host 

/ * Sine table size/ Sample rate*/ 

*/ 

/* ---------------------- These are the variable parameters------------ */ 
\. 
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r 

\. 

.rsect ... var• 
INDEX: 
PHASEl: 

PHASE2: 
PHASE3: 

PHASE4: 
INDEXl: 
INDEX2: 

float 
float 

float 
float 

float 
float 

float 

a.a 
a.a 
a.a 
a.a 
a.a 
a.a 
a.a 

INDEX3: float O. 0 
INDEX4: 
FIRST_HALF: 

fl o at a.a 
fltbits 0 

NEED_TO_ INIT: fltbits OxOOOOOOOl 

/*---------------------- This is the sine wave table------------*/ 
.. rsect ". tab• 
SINE _ TABLE: float 

float 

float 
float 

float 
float 

float 
float 

float 
float 
float 
float 
float 
float 
float 
float 
float 
float 

float 
float 

float 
float 

float 
float 

float 
float 

float 
float 

fl o at 
float 
float 
float 

float 
float 

float 
float 

float 
float 

float 
float 

float 
float 

float 
float 

float 
float 

float 
float 
float 
float 

float 
float 

0.000000, 0.024541, 0.049067, 0.073563, 0.098016 
0.122409, 0.146728, 0.170959, 0.195087, 0.219098 

0.242976, 0.266708, 0.290280, 0.31367 7 , 0.336884 

0.359889, 0.382677, 0.405235, 0.427548, 0.449604 
0.471389, 0.492891, 0.514095, 0.534990, 0.555562 
0 .575800, 0. 595691, 0. 615223, 0. 634384, 0. 653164 

0 . 671550, 0.689531, 0.707097, 0.724238, 0.740942 
o. 757199, o. 773001, o. 788337, 0.803198, 0.817576 
0.831460, 0.844845, 0.857720, 0.870078, 0.881913 
0.893216, 0.903981, 0.914202, 0 . 923872, 0.932986 

0.941537, 0.949522, 0.956934, 0.963770, 0.970026 
0. 975697, 0. 980781, 0. 985274, 0. 989173, 0. 992477 

0.995182, 0.997289, 0.998794, 0.999698, 1.000000 
0.999699, 0.998797, 0.997292, 0.995187 , 0.992483 
0.989181, 0.985283, 0.980791, 0.975709, 0 . 970039 
0.963784, 0.956949, 0 . 949538, 0.941555, 0.933004 

0.923892, 0 . 914223, 0.904004, 0.893240, 0.881938 
0.870104, 0.857747, 0.844873, 0.831490, 0.817606 

0.803230, o. 788369, o. 773034, o. 757234, o. 740977 

0.724274, 0.707135, 0.689569, 0.671589, 0.653204 

0.634425, 0.615264, 0.595733, 0.575843, 0.555606 
0.535034, 0.514140, 0.492936, 0.471436, 0.449651 

0.427596, 0.405283, 0.382726, 0.359938, 0.336934 
0.313727, 0.290330, 0.266759, 0.243027, 0.219149 

0.195139, 0. 1 71011, 0.146780, 0.122461, 0.098068 
0.073616, 0 .0 49119, 0.024593, 0.000053, -0.024488 
-0.049014, - 0 . 0 73511, - 0 .097963, - 0 .122356, -0.146676 
-0.170907, - 0 .195035, -0.219046, -0.242925, -0.266658 
-0.290230, - 0 .313627, -0.336835, -0.359840, -0.382629 
-0 . 405187, - 0 .427501, -0.449557, -0.471343, -0.492845 

-0.514050, - 0 .534945, -0.555518, -0.575757, -0.595648 
-0.615181, - 0 .634344, -0.653124, -0.671511, -0.689493 

-0 . 707060, - 0 .724201, -0.740906, -0.757165, -0.772968 
-0.788305, - 0 .803167, -0.817545, -0.831431, -0.844816 

-0.857693, - 0 .870052, -0.881888, -0.893192, -0.903959 
-0.914181, - 0 .923852, -0.932967, -0.941519, -0.949505 

-0.956919, - 0 .963756, -0.970013, -0.975686, - 0.980771 
-0.985265, - 0 .989165, -0.992470, -0 . 995177, - 0.997285 

-0.998792, - 0 .999697, -1.0000 0 0, -0 . 999701, - 0.998799 
-0.997296, - 0 .995193, -0.992489, -0.989188, -0.985292 

-0.980801, - 0 .975720, -0.970051, -0.963798, -0.956965 
-0.949555, - 0 .941573, ~o .933023, -0.923912, -0.914245 

-0 . 904026, - 0 .893263, -0.881962, -0.870130, -0.85 7 774 

-0.844901, - 0 .831519, -0.817636, -0.803261, -0. 788402 
- 0 .773068, - 0.7 57268, -0.741012, -0.724310, - 0.707172 
- 0.689608, - 0 .671628, - 0.653244, -0.634466, -0.615306 

-0.595775, - 0 . 575886, -0.555650, -0.535079, -0.514185 
-0.492982, - 0 .471482, -0.449698, -0.427644, -0.405331 
-0.382775, - 0 .359988, -0.336984, -0.313777, -0.290381 
-0.266810, - 0 .243078, -0.219200, - 0.195190, -0.171063 

-0.146832, - 0 . 1 22513, -0.098120, -0.073668, -0.049172 
-0.024646, 0 . 00 00000 
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/•-----------------------------------------------------------------------•; 
/* FM synthesis FFT data generator algorithm 7. 
/* 

/* This algorithm gets loaded onto the DSP when the user opens the 
/* analysis window when using FM synthesis with the configuration set to " 7 .H 
/* 
/* It has 4 oscillators in this arrangement: 
;• 
/* 
/* 
;• 
;• 
;• 
;• 
;• 
;• 
;• 
;• 
;• 
;• 
;• 
/• 
/* 

;• 
/* COPYRIGHT 

Osc 1 

V 

2 Osc 2 3 Osc 3 Osc 4 

1---------------1---------------1 
+ 
0 <---- Output 

;• Author Jeff Boone, Oregon State University 
;• 
!•------------------------------------------------------------------------•/ 
finclude <dspreg s.h > 
finclude "dsp Ta skDispatcherOffsets.a.h" 
fi nclude "FM_Cffsets.h" 

.rsect ".prog• 

loopl: 

loop2: 

Next: 

here: 

rl Oe - r17 

r7e - r17 + FM FLAGS 
r2e • •r7 
nap 
r2e & HOST READY FLAG 
if (eq) pcgoto Endit 

r9e rl 7 
ree - PARAMS 
r7e = 35 

•rs++= a2 = dsp (*r9++) 
if (r7-- >= 0 ) pcgoto loopl 
nap 

r9e PARAMS + FM_FREQl 
r8e INCl 
r2e - FREQ_MULT 
r6e 2 
*r8++ = aO = *r2 * •r9++ 

if (r6 -- >= 0) pcgoto loop2 
ncp 

rBe - r17 
aO = dsp(*rB) 
r2e = TEMP INT 
nap 

•::2 - al = int24 (aO) 
3 •,-,op 
r2e ,,. *r2 
nap 
r2e = r2 - 128 
r2 - O 
if (ge ) pcgoto Next2 

r3e = INDEX 
r2e ZERO 
r 7e 7 
if (r7 -- >= 0) pcgoto here 
•~3++ - aO = •r2 
r 4e = NEED TO INIT 
r2e = INIT FLAG 

/* Data Buffer 

/* r2 contains flags from host 
/* latent instruction 
/* test the ho st ready bit 
/* host is not ready 

/* host parameters 

/* number of pa rams - 2 

/* copy over all params 

/* set up INCl - INC4 

/* NumSamples 

;• r2 = NumSa,:,_ples 

;• subtract :~e frame size 
/* need to ot.:-:.put more samples? 

;• don't need samples 
;• zero out c ·..:r VAR parameters 
;• there are 9 of them 
;• Re- initail:ze the VAR parameters 
/* Zero out t.~e parameters 

*/ 

*/ 

*/ 

*/ 

*I 

*/ 

*/ 

*/ 

*/ 

•; 

*/ 

*/ 

•; 

•; 
•; 
•; 
*/ 
•; 
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Next2: 

Next3: 

Next4: 

*r4 = r2e 

pcgoto Endit 

r4e - TEMP INT 
• r4 - r2 
nop 

aO - float (•r4) 
2•nop 

•rs - al • ieee(aO) 

rlOe +• FM RETURN DATA 

r4e • FIRST HALF 
r2e = •r4 
nop 
r2e & SECOND HALF 
if (eq) pcgoto Next3 
nop 

rlOe • rlO + 508 
r8e • rl7 + FM_FLAGS 
r2e &• -SECOND HALF 
•r4 • r2e 

r2e - * rB 
nop 
r2e &• -HOST READY FLAG 
r2e 1- DO_FFT_FLAG 
•r s - r2e 

pcgoto Next4 
nop 

r2e 1- SECOND_HALF 
•r4 = r2e 

rlle • INDEX 
r2e • rl7 + FM INDEX 

•rll - ao - dsp(•r2) 

r7e • COMPARE 
r6e • PT FIVE 
al - *rll * *r7 
a2 • al - • r6 
r2e • TEMP INT 
nop 

•r2 • a2 - int(a2) 
3* nop 
r2e • *r2 
nop 
r2 = r2*2 
r2 = r2*2 
r2e PARAMS + r2 
r3e = r2 + FM ENVl 
r4e • r3 + 
aO • •r4 - •rJ 
rSe • INDEXl INC 
nop 
*rS - al = aO * *r7 

r3e = r2 + FM ENV2 
r4e - r3 + 4 
aO - *r4 - *r3 
rSe • INDEX2 INC 
nop 
*rS = al = aO * *r7 

r3e • r2 + FM ENV3 
r4e = r3 + 4 
aO = *r4 - *r3 
rSe • INDEX3 INC 
nop 
•rs= al • aO * •r7 

r3e • r2 + FM ENV4 

r4e - r3 + 4 
aO - *r4 - •r3 

Project:Project:FMAnalysis7.s 

;• Turn on need to init flag 

/• exit the module 

/* put samples remaining in temp 

/* convert to float 

/* Update samples remaining 

!• rlO points to output buffer 

/* see if we're doing 1st half 

/* doing 1st half 

/* doing 2nd half, add offset 

/* Toggle FIRST_HALF 

/* r2 contains flags from host 
/* late nt instruction 
/* clear the host_ready flag 
!• set the do fft flag 
;• write flags to memory 

;• Toggle FIRST_HALF 

/* Read index from host 

;• I • COMPARE 
/* Subtract 0.5 for round 

;• a2 - Start 

!• r2 • Start 

f• r2 = r2 • 4 (for float size) 

/* Env[startj 
/* Env[finishj 
;• aO = Env[finishj - Env[startj 

/* Save Index increment 1 

/* Env[startJ 
;• Env[finish) 

I* aO • Env[finish ) - Env[start) 

/* Save Index increment 2 

;• Env[startj 
/ * Env[finish) 
/* aO = Env[finish ) - Env[start J 

/* Save Index increment 3 

/• Env[startj 
/* Env[finish ) 

!• aO = Env[finishj - Env[start] 

•; 

*/ 

*/ 

*I 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 
*/ 
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Noinit: 

Mainloop: 

lessl: 

rSe • INDEX4 INC 
nap 

* rs - al = aO * * r7 

ree • NEED TO INIT 
r2e - •re 
nap 

r2e ' INIT FLAG 
lf (eq) pcgoto No I nit 

r2e ,- -INIT FLAG -
•re = r2e 

r3e - PARAMS + FM_ ENVl 
r4e - INDEXl 
*r4 a ao - *r3 

r3e - PARAMS + FM ENV2 
r4e - INDEX2 
*r4 - a0 - •r3 

r3e - PARAMS + FM ENV3 
r4e - INDEX3 
•r4 - a0 - •r3 

r3e - PARAMS + FM_ENV4 
r4e - INDEX4 
• r4 - a0 - *r3 

r7e - 126 
r9e - SINE SIZE -

rSe • PARAMS + FM MININDEXl 
rle • PARAMS t FM MAXINDEXl 

a3 - *rl - •rs 
r6e • INDEXl INC 

r4e - INDEXl 
al • *r5 + aJ • •r4 
*r4 c aO - *r4 + *r6 

r2e = PHASEl 
r4e • TEMP INT 
•r4 = a2 = int24 (*r2) 
3*nop 

r4e - *r4 
rle • MODl 

r4 - r4*2 
r4 = r4*2 

rSe = r4 + SINE TABLE 
•rl = aO ~ *rS * al 

r3e - INCl 
*r2 = al - *r2 + *r3 
2*nop 

r3e = TEMP INT 
•r3 = a0 - int24(*r2) 
3*nop 
r3e = •r] 

nap 
r3 - 256 
i f (lt) pcgoto l essl 
nap 
*r2 - aO - *r2 - *r9 

r6e • INDEX2 INC 
r4e • INDEX2 

a 1 = * r4 
• r4 - aO a *r4 + •r6 

r2 e = PHASE2 

r4e • TEMP INT 
•r4 • a2 • int24 (*r2) 
3•nop 

r4e - *r4 
rle • MOD2 

Project:Project:FMAnalysis7.s 

/* Save Index increment 4 */ 

/*Turnoff init flag */ 

/* Set up initial indexes */ 

/ * Loop count (frameSize-2) * / 

/* a3 - MAX INDEXl - MIN INDEXl */ 

/ * al • (INDEXl • (MAX- MIN) I + MIN */ 
/* INDEXl - INDEXl + INDEXl INC */ 

I• r4 • PHASEl 

/* Multiply by 4 for float 

/ * Need to do interpolation 
/ * SINE_TABLE[PHASEl ] • INDEXl 

/ * Phasel = Phasel + Incl 

/ * r3 PHASEl 

/ * See if we're past end of tab l e 

/ * Wrap to start of table 

/ * al = INDEX2 
/ * INDEX2 = INDEX2 + INDEX2 INC 

I• r4 PHASE2 

*/ 

•1 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

* / 

•; 

*/ 
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: ess2: 

: ess3: 

r4 • r4*2 
r4 = r4*2 

rSe - r4 + SINE TABLE 
r3e - PT FIVE 
*rl • aO - al • •rs 

r3e - INC2 
*r2 - al • *r2 + *r3 
2*nop 

r3e • TEMP INT 
*r3 - aO • int24(*r2) 
3*nop 
r3e - *r3 
nop 
r3 - 256 
if (lt) pcgoto less2 
nop 
*r2 - aO • *r2 - *r9 

r6e - INDEX3 INC 
r4e - INDEX3 
a 1 • • r4 
*r4 - ao • *r4 + *r6 

r2e - PHASE3 
r4e TEMP INT 
*r4 • a2 - int24 (•r2) 
3*nop 
r4e - *r4 

rle - MOD3 
r4 - r4*2 
r4 - r4*2 
rSe - r4 + SINE TABLE 
*rl - ao - •rs * al 

r3e - INC3 
*r2 - al - *r2 + *r3 
2*nop 

r3e - TEMP INT 
*r3 • aO - i nt24(•r2) 
3*nop 
r3e ,.. * r3 
nop 
r3 - 256 
if (lt) pcgoto less3 
nop 
*r2 ~ aO - •r2 - *r 9 

r6e = INDEX4 INC 
r4e INDEX4 

al - • r4 
*r4 = aO = *r4 + *r6 

r2e = PHASE4 
rle • TEMP INT 
*rl = a2 = int (•r2) 
3*nop 
rle - *rl 
nop 
rl - rl•2 
rl • rl*2 
rSe • rl + SINE TABLE 
r6e - MOD3 
aO - *r6 + al • •rs 
rle - PT THREE 
r3e - MOD2 
aO - aO + • r3 
2*nop 
aO • aO • * rl 
2*nop 

aO = al * * rS 
2*nop 
*rlO++ = aO = ie ee(aO) 

ProjectProject:FMAnalysis7.s 

/* Multiply by 4 for float 

/* rS is index into sine table 

/* SINE _ TABLE [PHASE2) * INDEX2 

/* Phase2 - Phase2 + Inc2 

I* r3 • PHASE2 

/* See if we're past end of table 

/* Wrap to start of table 

/* al - INDEX3 
/* INDEX3 • INDEX3 + INDEX3 INC 

/* Multiply by 4 for float 

*/ 

*I 

*I 

*I 

*I 

*/ 

*/ 

*/ 

*/ 

*I 

/* rS is index into sine table */ 
/* mod3 • SINE_TABLE[PHASE3] * INDEX3 */ 

/* Phase3 = Phase3 + Inc3 

I* r3 - PHASE3 

! • See if we're past end of table 

/* Wrap to start of table 

/* al = INDEX4 
/* INDEX4 = INDEX4 + INDEX4 INC 

/* Multiply by 4 for float 

/* Mod3 + Carrier 

/' Mod3 +Carrier+ Mod2 

/* Divide by 3 

/* aO = Index4 • sine_table[rS] 

/* Place into sample buffer 

*I 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

.• I 

*I 

*/ 
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less4: 

ok4: 

Endit: 

FREQ_MULT: 
COMPARE: 
TEMP INT: 
SINE_SIZE: 
NUMBER_SAMP: 
A_FIFTH: 
MODl: 
MOD2: 
MOD3: 
ONE: 
PT_THREE: 
PT_FIVE: 
ZERO: 

PARAMS: 
OLD_SIGl: 
OLD_ SIG2: 
OLD_SIG3: 
INCl: 
INC2: 
INC3: 

INC4: 
INDEXl INC: 
INDEX2 INC: 
INDEX3 INC: 
INDEX4 INC: 

r3e • INC4 
rSe = INCl 
r6e • MODl 
al • *r2 + *r3 
r4e • OLD SIG3 
nop 

a2 - al+ *r6 • •rs 
2*nop 
*r2 • a3 • a2 - *r4 

2*nop 

r3e • TEMP INT -
•r3 - aO - int24(*r2) 
3*nop 
r3e • *r3 
nop 
r3 - 256 
if (lt) pcgoto less4 
nop 
*r2 • aO - *r2 - •r9 
pcgoto ok4 
nop 

r3 - 0 
if (gt) pcgoto ok4 
nop 
• r2 • aO • *r2 + •r9 

r2e • ONE 
•rll • al • •rll + •r2 
if (r7-- >· 0) pcgoto Mainlo o p 
nop 

r8e • rl7 + FM INDEX 
•ra - aO • ieee(•rll) 

return (rl B) 

nop 

float 
float 
int24 
float 
float 

float 
float 

float 
float 
float 
float 
float 
float 

(256.0/24000.0) 

(1.0/(24960.0/5.0)) 

(256. 0) 
24960.0 
(1. 0/5. 0) 

0.0 
0.0 
0.0 
1.0 
0.3933333 
0.5 
0.0 

37* float 
float 0.0 
float 0.0 
float 
float 
float 
float 

float 
float 
float 
float 
float 

0.0 

Project:Project:FMAnalysis7.s 

/* PHASE4 + INC4 *I 

/* PHASE4 + INC4 + (MODl*INCl) */ 

/* PHASE4 + INC4 + MODl - OLD SIG3 */ 

/* r3 • PHASE4 */ 

/* See if we"re past end of table •; 

/* Wrap to start of table */ 

/* Handle negative case •; 

/* Increment the index 
;• Loop f or s i ze o f frame 

/ ■ Write Index to host 

/* Sine table size/ Sample rate ■/ 

'/ 
•; 

■/ 

/*---------------------- These are the variable parameters------------ */ 
. rsect " . var .. 

INDEX: float 0.0 
PHASEl: float 0.0 
PHASE2: float 0.0 
PHASE3: float 0.0 
PHASE4: float 0.0 
INDEXl: float 0.0 
INDEX2: float 0.0 
INDEX3: float 0.0 
INDEX4: float 0.0 

'" 
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, 

fIRST_HALf: fltbits 0 
NEED_TO_INIT: fltbits OxOOOOOOOl 

/*----------------------This is the sine wave table-----------*/ 
.rsect •.tab• 
SINE_TABLE: float 

float 
float 
float 
floa t 
float 
float 
float 
float 
float 
float 
float 
float 
float 
float 
float 
float 
float 
float 
float 
float 
f loat 
float 
floa t 
fl oat 
flo at 
float 
float 
f loat 
float 
float 
float 
float 
float 
float 
fl oat 
float 
float 
float 
float 
float 
flo at 
float 
flo at 
flo at 
float 
floa t 
float 
float 
fl oat 
float 
float 

0.000000, 0.024541, 0 . 049067, 0 . 073563, 0.098016 
0.122409, 0.146728, 0.17095 9, 0.195087, 0.219098 

0.242976, 0.266708, 0.290280, 0 . 313677, 0.336884 
0.3 59889, 0.382677, 0.405235, 0.427548, 0 .44 9604 

0.471389, 0 .4 92891, 0.514095, 0.534990, 0.555562 
0 . 575800, 0.595691, 0.615223, 0.634384, 0.653164 

0.671550, 0.689531, o. 707097, o. 72 4 238, o. 740942 
0.757199, 0.773 0 01, 0.788337, 0.803198, 0.817576 

0.831460, 0.844845, 0.857720, 0.870078 , 0.881913 
0.893216, 0.903981, 0.914202, 0.923872, 0.932986 

0.941537, 0 .94 9522, 0.956934, 0.963770 , 0.970026 
0.97569 7 , 0.980781, 0.985274, 0.989173, 0 . 992477 

0.995182, 0.997289, 0.998794, 0.999698, 1.000000 
0. 999699, 0. 998797, 0. 997292, 0. 995187, 0. 992483 
0 . 989181, 0.985283, 0.980791, 0.975709, 0.970039 
0.963784, 0.956949, 0.949538, 0.941555, 0.933004 

0.923892, 0.914223, 0.904004, 0.893240, 0.881938 
0.870104, 0.857747, 0.844873, 0.831490, 0 . 817606 

0. 803230, 0. 788369, 0 . 773034, 0. 757234 , 0. 7 4 0977 
0. 724274, 0.70 7135, 0.689569, 0.671589, 0.653204 
0.634425, 0.6 15264, 0. 595733, 0.575843, 0 .55 5606 
0 .535034, 0. 514 1 40, 0.492936, 0.471436, 0.4 4 9651 

0 .427596, 0 . 4052 83, 0 .382726, 0.359938, 0.336934 
0 .313727, 0 . 290 330, 0.26675 9, 0.243027, 0.219149 

0.1 95139, 0.1710 11, 0.146780 , 0.122461, 0.0 9 8068 
0. 073616, 0.049 119, 0 .024 59 3, 0.00 0053, -0. 02 4488 
- 0 .049014, - 0 .073511, - 0 .097963, -0.122356, -0.146676 
- 0. 170907, - 0 . 19 5035, -0.219046, -0 . 242925, -0.266658 

- 0 .290230, - 0 .313627, -0.336835, -0.359840, -0.382629 
- 0. 405187, - 0.42 7501, - 0.449 557, -0.471343, -0.492845 

- 0. 514050, - 0 .534945, -0.555518, -0.575757, -0.595648 
-0.615181, - 0 .634344, -0.653124, -0.671511, -0.689493 

- o. 707060 , - 0. 724201, -o . 740906, -0. 757165, -o. 772968 
- 0 .788305, - 0 .803167, -0.817545, -0.831431 , -0.844816 

- 0. 857693, - 0. 870052, -0.881888, -0 . 893192, -0.903959 
- 0.9 14181, - 0. 923852, -0 . 932967, -0.941519, -0.949505 
- 0. 956919, - 0 .963756, - 0. 970013, - 0 .975686, -0.980771 
- 0 .985265, - 0 .989165, -0.992470, -0.995177, -0.997285 

- 0 .998792, - 0 .999697, - 1. 000000, -0 . 999701 , -0.998799 
- 0 .997296 , - 0 .995193, -0.992489, -0 .9 89188, - 0 .985292 

- 0 .980801, - 0. 975720, - 0. 97 00 51, - 0 .963798, -0.956965 
- 0 .949555, - 0 .941573, - 0 .933023 , - 0 .923912, -0.914245 

- 0.9 04026, - 0 .893263, - 0.881962, - 0. 87013 0 , -0.857774 

- 0 .844901, - 0 .831519, - 0 .817636, - 0 .803261, -0.788402 

- 0 . 7 73068, - 0 .757268, - 0 .741 01 2, - 0 .724310, -0.707172 
- 0 .689608, - 0 .671628, -0.653244, - 0 .634466, -0.615306 

- 0.595 775, - 0 .575886 , -0.5 5 5650, - 0 .535079, -0 . 514185 
- 0 .492982, - 0 .471482, - 0 .449698, -0.427644, -0.405331 

- 0.3 82775, - 0 .359988, -0.336984, -0.313777, -0.290381 
- 0 .266810, - 0.2 43 0 78, -0.219200, - 0 .195190, - 0 .171063 

- 0 .1 46 832, - 0 .122513, - 0.0 98120, - 0 .073668 , - 0 .049172 
- 0.0 24646, 0 .0000000 
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r 

/*•• =zaas••=••=-••=• --••• • = ••••••••••••••••-•••••••••••••••••••-••••••••••••••- •••••=-• z••• •z -••-==•••-* / 

;• Additive_Offsets.h '/ 
1• 
1• 
/' 

Offsets for host/DSP shared parameters 

•1 
•1 
•1 

;• struct AddPararns { •; 
/' float nurnSarnples; '/ 
;• float rninFreql, rnaxFreql, rninFreq2, rnaxFreq2, rninFreq3, rnaxFreq3, rninFreq4, rnaxFreq4; '/ 
/• float arnpEnvl[6], arnpEnv2[6], arnpEnv3[6], arnpEnv3[6]; '/ 
/• float freqEnvl[6], freqEnv2[6], freqEnv3[6], freqEnv4[6]; '/ 
/• 57 floats •; 

tdefine ADD SAMPLES 
tdefine ADD_MIN_FREQl 
tdefine ADD_MAX_ FREQl 
ldefine ADD_MIN_FREQ2 
ldefine ADD_MAX_FREQ2 
tdefine ADD_MIN_FREQ3 
fdefine ADD_MAX_FREQ3 
ldefine ADD_MIN_FREQ4 
ldefine ADD_MAX_FREQ4 
ldefine ADD AMP ENVl 
ldefine ADD AMP ENV2 
ldefine ADD AMP ENV3 
!define ADD AMP ENV4 
ldefine ADD_FREQ_ENVl 
ldefine ADD_FREQ_ENV2 
ldefine ADD_FREQ_ENV3 
ldefine ADD_FREQ_ENV4 

0 
4 
8 
12 
16 
20 

24 
28 

32 
36 
60 
84 
108 
132 
156 
180 
204 

/* 
/* 

/* 
/* 

/* 
/* 

/* 
/* 

/* 
/* 

/* 
/* 

1• 
f• 
f• 
1• 
1• 

pararn[O] */ 

pararn [ 11 *I 
param[2] */ 

pararn [ 3 ] *I 
pararn[ 4 J */ 

pararn[S] */ 

pararn [ 6 J */ 

pararn[7] */ 

pararn [ 8 J *I 
pararn [ 9-14 I */ 

pararn[l5-20] *I 
pararn[21 - 26] */ 

pararn[27-32] */ 

pararn[33-38] */ 

pararn[39-44] •1 
pararn[45-50] */ 

pararn[51 - 56] •1 

/' ----------- These should be consistent with other synth methods-------- - -----•/ 
ldefine ADD INDEX 236 /' pararn[59] '/ 
ldefine ADD_RETURN_DATA 260 ;• pararn[65-320] (256 floats) '/ 
ldefine ADD FLAGS 1280 

ldefine VIEW FLAG 
ldefine HOST READY FLAG 
ldefine DO FFT FLAG 
!define SECOND HALF 

!define INIT FLAG 

\. 

OxOOOOOOOl 
Ox00000002 
Ox00000004 
OxOOOOOOOl 

OxOOOOOOOl 
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rl*===•==-•===---=----=-=========-•--===•====-==-----=---------------------------•1 
I* 
/* NAME 
/* Additive.s 
/* 

/* SYNOPSIS 
/* This DSP module implements 4 sine wave oscillator additive synthesis. 
/* It expects the host to pass a parameter block of this form: 
/* 

/* struct AddParams { 
I* float nurnSamples; 
/* float minFreql, maxFreql, minFreq2, maxFreq2, minFreq3, maxFreq3; 
/* float ampEnvl[6], freqEnvl[6 ] , ampEnv2[6], freqEnv2[6]; 
/* float ampEnv3[6], freqEnv3[6], ampEnv4[6), freqEnv4[6]; 
/* unsigned long flags; 
/* ) ; 
I* 
/* It will use these parameters for the 4 oscillators giving them time-
/* varying freqencies and amplitudes. 
/* 

/* Author Jeff Boone, Oregon State University 
/* 

/*==-----------------------------------------------------------------------------•! 
finclude <dspregs.h> 
linclude "Additive_Offsets.h" 
linclude "dspTaskDispatcherOffsets.a.h" 

. rsect ... prog• 
rlOe • rl6 + DH HADDR + PHYSICAL /* PRB or Sample buffer 

loopl: 

loop2: 

Next: 

here: 

rlOe • •rlO 
r9e • rl7 /* host parameters 

rBe - PARAMS 
r7e - 55 

*rB++ = a2 = dsp (•r9++) 
if (r7-- >· 0) pcgoto loopl 
nop 

r9e = PARAMS + ADD_MIN_FREQl 
rBe INCl 
r2e = FREQ_MULT 
r6e = 6 

•rs++= aO = •r2 • *r9++ 

if (r6-- >= 0) pcgoto loop2 
nop 

r7e rl7 + ADD :LAGS 
r2e = "r7 
nop 
r2e & VIEW FLAG 
if (eq) pcgoto Next 
nop 

rlOe = rl7 + ADD KETURN DATA 
r2e & HOST READY FLAG 
if (eq) pcgoto E~dit 

rBe = rl7 
aO = dsp(•rB) 
r2e TEMP INT 
nop 
*r2 al 
3*nop 
r 2e • r2 
nop 

int24 (aO) 

r2e = r2 - 240 
r2 - 0 
if (ge) pcgoto Kext2 

r3e I NDEX 
r2e ZERO 
r7e 11 
if (r7-- >= 0) pcgoto here 
*r3++ = aO = *r2 
r4e NEED TO INIT 
r2e = INIT FLAG 

/* number of params - 2 

!• copy over all params 

/*setup INCl - INCB 

/* r2 contains flags from host 
/* latent instruction 
/* test the view bit 
/* we want to hear it 

/* point rlO to param block 
/* test the host ready bit 
/* host is not ready 

/* NumSamples 

/* r2 = NumSamples 

/* Subt race the frame size 
I• need to output more samples? 

/* don't need samples 
/* zero out our VAR parameters 
/* there are 13 of them 
/* Re-initailize the VAR parameters 
/* Zero out the parameters 

*I 

*/ 

*/ 

*/ 

*/ 

*I 
*/ 

*/ 

*/ 

•1 
*/ 

*/ 

*I 

*/ 

*/ 

*/ 

*/ 

*/ 

*I 
*/ 

*/ 
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Next2: 

*r4 "" r2e 

pcgoto Endit 

r4e • TEMP INT 
*r4 = r2 
nop 

aO = float (*r4) 
2*nop 
•re= al = ieee(aO) 

rlle - INDEX 
r7e • COMPARE 
r6e = PT_FIVE 
al• *rll • •r7 
a2 • al - *r6 
r2e • TEMP INT 
nop 
*r2 • a2 - int(a2) 
3*nop 

r2e - *r2 
nop 
r2 = r2*2 
r2 = r2*2 
r2e = PARAMS + r2 
r3e • r2 + ADD AMP ENVl 
r4e • r3 + 4 
aO • *r4 - *r3 

r5e • AMP INDEXl INC 
nop 
*rS • al • aO * *r7 

r3e • r2 + ADD_FREQ ENVl 
r4e • r3 + 4 
aO • *r4 - • r3 
r5e • FREQ_INDEXl INC 
nop 
•rs - al - a0 * •r7 

r3e r2 + ADD AMP ENV2 

r4e - r3 + 4 
aO - *r4 - •r3 
r5e = AMP INDEX2 INC 
nop 
• r5 al aO * * r7 

r3e - r2 + ADD_FREQ_ENV2 
r4e - r3 + 4 
aO""' *r4 - *r3 
r5e FREQ_INDEX2 INC 
nop 
•rs - al = a0 • •r7 

r3e = r2 + ADD AMP ENV3 
r4e r3 + 

aO "" *r4 - *r3 

r5e = AMP INDEX3 INC 
nop 
•rs al aO • •r7 

r3e = r2 + ADD FREQ ENV3 
r4e - r3 + 4 
a0 - *r4 - •r3 
r5e - FREQ_INDEX3 INC 
nop 
• rs al aO • • r7 

r3e = r2 + ADD AMP E~V4 
r4e - r3 + 4 
aO = "'r4 - *r3 
rSe = AMP INDEX4 INC 
nop 
• r5 al aO • • r7 

r3e = r2 + ADD_FREQ tNV4 
r4e = r3 + 4 
aO =- *r4 - *r3 

Project:Project:Additive.s 

/* Turn on need to init flag 

/* exit the module 

/* put samples remaining in temp 

/* Update samples remaining 

/* I * COMPARE 
/* Subtract 0.5 for round 

/* a2 • Start 

/* r2 - Start 

/* r2 = r2 • 4 (for float size) 

/* Env[start] 
/* Env[finish] 
/* ao = Env[flnlsh] - Env[start] 

/* Save Index increment 1 

/* Env[start] 
/* Env[finish] 
/* ao = Env[finish] - Env[start] 

/* Save Index incre ment 1 

/* Env[start] 
/* Env[finish] 
/* aO = Env[finish ] - Env[start] 

/* Save Index incre ment 2 

/* Env[start] 
/* Env[finish] 

/* aO = Env[finish] - Env[start] 

/* Save Index increment 2 

/* Env[start] 
/* Env[finish] 
/* aO = Env [fi nish ] - Env[start] 

/* Save Index incre~ent 3 

/* Env[start ] 
/* Env[finish] 
/* aO = Env[finish] - Env[start] 

/* Save Index increment 3 

/* Env[start] 
/* Env[finish] 
/* aO = Env[finish] - Env[start ] 

I• Save Index i ncre: nent 4 

/* Env[start] 
/* Env[finish] 
/* aO = Env[finish ] - Env[start] 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*I 

*/ 

*/ 

*/ 

*/ 

*/ 
*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

• I 
•! 

*/ 

*/ 

*I 
*/ 

*/ 

•; 
• I 

*/ 

*/ 

*/ 

• I 
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Noinit : 

Mainloop: 

rSe - FREQ_INDEX4 :NC 
nop 
*rS - al= aO * •~7 

rBe - NEED TO INI7 
r2e - •re 
nop 
r2e & INIT FLAG 
if (eq) pcgoto Noinit 

r2e &= ~INIT FLAG 
•re - r2e 

r3e =PAP.AMS+ ADD_AMP_ENVl 
r4e - AMP_ INDEXl 
•r4 - aO • •r3 

r3e • PAP.AMS+ ADD AMP ENV2 
r4e = AMP INDEX2 
• r4 - aO • •r3 

r3e PAP.AMS+ AD~_AMP_ENV3 
r4e = AMP INDEX3 
*r4 - aO - *r3 

r3e =PAP.AMS+ AD: AMP ENV4 
r4e • AMP INDEX4 
•r4 - aO = *r3 

r3e • PARAMS + AD~ FREQ_ENVl 
r4e • FREQ_INDEXl 
•r4 - aO""' *r3 

r3e • PAP.AMS+ AD~_FREQ_ENV2 
r4e • FREQ_INDEX2 
*r4 - aO = *r3 

r3e PAP.AMS+ AD~ FREQ_ENV3 
r4e = FREQ_INDEX3 
•r4 - ao = *r3 

r3e = PARAMS + AD: ,REQ_ENV4 
r4e • FREQ_INDEX~ 
• r4 = aO = * r3 

r7e 238 
r9e SINE SIZE 

r6e = AMP INDEXl =~c 
r4e = AMP INDEXl 
al = *r4 
*r4 aO = *r4 + •::-6 

r2e PHASEl 
r4e TEMP INT 
•r4 a2 = int24 ( . r-2) 
3*nop 
r4e = • r4 
rle = OUTPUT 
r4 r4 *2 
r4 = r4 •2 

rSe r4 + SINE :.•.3LE 
*rl = aO = •rs • a: 

r6e FREQ_INDEX, :NC 
r4e FREQ INDEX: 
al = *r4 
*r4 aO = *r4 + •:-6 

r2e PHASEl 
r3e INCl 
rle = INC2 
aO = •rl •r3 
3*nop 

aO = *r3 + al • 
3*nop 

Project:Project:Additive.s Page 3 

/* Save Index increment 4 */ 

;•Turnoff init flag */ 

/* Set up in i ti a l indexes */ 

/* Loop count (frameSize-2) 

I• al = INDEXl 
/* INDEXl = INDEXl + INDEXl INC 

I• r4 = PHASEl */ 

1 • Multiply by 4 for float */ 

/* rs is index into sine table */ 
1• SINE_TABLE[PHASEl] . INDEXl •1 

!• al = Indexl • I 
;• Indexl = Indexl + Indexl Inc •; 

I• r3 points to Incl(MinFreq) •; 

/* aO Inc2 - Incl • I 

/* aO Indexl . (Inc2-Incl) + Incl •; 

, 
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*r2 = ao *r2 + aO I* Phasel = Phasel + Incl + (Indexl * (Inc2- In cl) */ 
2*nop 

r3e - TEMP INT 
*r3 - aO • int24 (*r2) I* r3 = PHASEl */ 
3*nop 
r3e - •r3 
nop 
r3 - 256 /* See if we're past end of table */ 
if (lt) pcgoto lessl 
nop 
•r2 = aO = *r2 - *r9 /* Wrap to start of table */ 

lessl: r6e AMP INDEX2 INC 
r4e = AMP INDEX2 -
al = *r4 /* al = INDEX2 */ 
*r4 - aO • *r4 + *r6 /* INDEX2 - INDEX2 + INDEX2 INC */ -

r2e = PHASE2 
r4e = TEMP INT 
*r4 • a2 - int24 (*r2) 
3*nop 
r4e - • r4 /* r4 - PHASE2 */ 
rle - OUTPUT 
r4 = r4*2 /* Multiply by 4 for float */ 
r4 = r4*2 

rSe - r4 + SINE TABLE /* rs is index into sine table */ 
*rl - aO - *rl + al . * rs /* Sum into output */ 

r6e - FREQ INDEX2 INC 
r4e - FREQ_INDEX2 
al - •r4 I• al - Index2 '/ 
•r4 - aO - •r4 + 'r6 1• Index2 - Index2 + Index2 Inc 'I 

r2e = PHASE2 
r3e - INC3 /* r3 points to Inc3(MinFreq) */ 
rle - INC4 
aO - *rl - •r3 I' aO - Inc4(MaxFreq - Inc3 */ 
3*nop 
aO = •r3 + al . aO /* aO - Index2 * (Inc4-Inc3) + Inc3 */ 
3*nop 
•r2 - aO - *r2 + aO /* Phase2 - Phase2 + Inc3 + (Index2 . (Inc4- In c3) • I 
2*nop 

r3e = TEMP INT 
• r3 - aO = int24 (*r2) I* r3 = PHASE2 '/ 
3*nop 
r3e = • r3 
nop 
r3 - 256 /' See if we're past end of table '/ 
if (lt) pcgoto less2 
nop 
*r2 aO = •r2 - •r9 /' Wrap to start of table */ 

less2: r6e = AMP INDEX3 INC -
r4e = AMP INDEX3 
al = *r4 I' al = INDEX3 */ 
• r4 aO = •r4 + •r6 /' INDEX3 = I NDEX3 + INDEX3 INC '/ 

r2e PHASE3 
r4e TEMP INT 
'r 4 a2 = lnt24 (' r2) 
3*nop 
r4e = • r4 I* r4 = PHASE3 'I 
rle - OUTPUT 
r4 r4 *2 /* Multiply by 4 for float */ 
r4 = r4 *2 

rSe - r4 + SINE TABLE I' rs is index into sine table '/ 
• rl aO - 'rl + al . • r5 1• Sum into out put */ 

r6e = f'REQ_ INDEX3 INC 
r4e = f'REQ_INDEX 3 
al = •r4 /* al = Index3 */ 
*r 4 = aO = •r4 + •r6 1• Index3 = Index3 + Index3 Inc */ -

r2e PHASE3 



\. 

2(26/9111:38 PM 

less3: 

Sound: 

Cont: 

r3e = INCS 

rle - INC6 
aO""' *rl - •r3 
3*nop 
aO - *r3 + al • aO 
3*nop 

*r2 - aO - •r2 + ao 
2*nop 

r3e = TEMP INT 
*r3 - aO = int24(*r2) 
3*nop 
r3e - *r 3 
nop 
r3 - 256 
if (lt) pcgoto less3 
nop 
*r2 - aO • *r2 - •r9 

r6e - AMP INDEX4 INC 
r4e • AMP_INDEX4 

al - *r4 
•r4 - aO • •r4 + *r6 

r2e - PHASE4 
r4e TEMP INT 
*r4 • a2 • i nt24 (*r2) 
3*nop 
r4e - •r4 
rle - OUTPUT 
r4 - r4*2 
r4 • r4*2 

rSe • r4 + SINE TABLE 
rle • OUTPUT 

ree - rl7 + ADD FLAGS 

r3e - •re 
nop 
r3e & VIEW FLAG 
if (eq) pcgoto Sound 
nap 

aO z *rl + al • •rs 
2*nop 

*rlO++ = aO - ieee(aO) 
pcgoto Cont 
nap 

aO • *rl + a l * *rS 
3*nop 
*rlO++ = aO = •rlO + aO 

r6e - FREQ_INDEX4 INC 
r4e = FREQ_!NDEX4 

al""' *r4 
•r4 aO = •r4 + •r6 

r2e PHASE4 
r3e INC7 
rle INCe 
aO = •rl •:-3 

3*nop 
aO - *r3 + al • aO 
3*nop 

*r2 - aO - •r2 + aO 
2*nop 

r3e = TEMP INT 

•r3 = aO - int 24(*r2) 
3*nop 
r3e .., *r3 

nap 

r3 - 256 
if (lt) pcgoto less4 

nap 
•r2 • aO = •:2 - •r9 
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/* r3 points to IncS(MinFreq) */ 

/* aO - Inc6(MaxFr eq - Ines *I 

/* aO - Index3 • (Inc6-Inc5) + Ines */ 

/* Phase3 • Phase3 +Ines+ (Index3 • (Inc6-Inc5) */ 

/* r3 - PHASE3 */ 

I* See if we're past end of table */ 

/* Wrap to start of table */ 

/* al • INDEX4 
/* INDEX4 • INDEX4 + INDEX4 INC 

/* r4 = PHASE4 */ 

/* Multiply by 4 for float •; 

/* rs is index into sine table *I 

I* re points to host flags */ 
/* r2 contains flags from host */ 
/* latent instruction */ 
I* test the view bit */ 
/* we want to hear it */ 

I* sum into output */ 

/* Place into sample buffer */ 

/* Sum into output */ 

/* Divide by 4 *I 

I* al = I ndex4 */ 
I* Index4 = Index4 + Index4 Inc */ 

/ * r 3 points to Inc7 (MinFreq) */ 

/* aO Ince (MaxFreq) - Inc7 */ 

I* aO = Index4 . (Ince -Inc 7) + Inc7 */ 

/* Phase4 = Phase4 + Inc7 + (Index4 . I Ince -Inc7) •j 

/* r3 = ?HASE4 */ 

/* See if we're past end of table */ 

/* Wrap to start of table */ 
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1 es s4: 

Endit: 

r2e - ONE 
•rll - al = •rll + •r2 
if (r7-- >- 0) pcgoto Mainloop 
nop 

r8e • rl7 + ADD FLAGS 
r2e = *r8 
nop 
r2e &- -HOST READY FLAG 
•r8 - r2e 

return (r18) 
nap 
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/• Increment the index 
/* Loop for size of frame 

I* r8 points to host flags 
I* r2 c o ntains flags from host 
!• latent instruction 
/* Clear the host _ready flag 
/* Write flags to memory 

FREQ_MULT: float 
float 
float 
int24 
float 

float 
float 

float 
float 

float 
float 

(256.0/24000.0) /* Sine table size/ Sample rate*/ 
COMPARE: (1.0/ (24960.0/5.0)) 
MAX_AMP: (1.0) 
TEMP _INT: 
SINE_SIZE: (256. 0) 
NUMBER_ SAMP: 24960.0 
A_FIFTH: (1.0/5.0) 
OUTPUT: o.o 
ONE: 1.0 
PT_FIVE: 0.5 
ZERO: 0.0 

PARAMS: 
INCl : 
IKC2: 

INC3: 
INC4: 

INC5: 
INC6: 
INC7: 

57* float 

float 
float 

float 
float 
float 
float 
float 

INC8: float 
AMP INDEXl INC: 
AMP _INDEX2 INC: 
AMP _INDEX) INC: 

AMP _INDEX4 INC: 

FREQ_INDEXl_INC: 
FREQ_INDEX2_ISC: 

FREQ_INDEX3 rsc: 
FREQ_INDEX4 ISC: 

. rsect ". var• 
IN C:,EX: 

PEASEl: 

PHASE2: 
PHASE) : 

PHASE4: 
AMP_INDEXl: 

AMP INDEX2: 
AMP_INDEX3: 

AMP _!NDEX4: 
FREQ_INDEXl: 

FREQ_INDEX2: 
FREQ_INDEX3: 

FREQ_INDEX4: 

NEC:O_TO_INIT: 

.rsect ".tab• 

SINE TABLE: float 
flo at 

float 
float 

flo at 
floa t 
float 
float 
float 
float 

f!oat 
f!oat 
flo at 
floa t 
[~oa t 

float 
float 

float 
float 

float 
float 

float 
float 

float 
float 

float 
float 

float 
float 

float 
float 
float 
float 

float 
float 
float 
float 

float 

fltbits 

0 . 0 
0.0 

0.0 
0 . 0 

0.0 
0.0 

0.0 
0 .0 

o.o 
0.0 

0.0 
0.0 

0.0 
OxOOOOOOOl 

0.00000000, 0.00613525, 0.01226675, 0.0 1839075, 0.024504 
0.03060225, 0.036682, 0.04273975, 0.048 77175, 0.0547745 
0.06074400, 0.066 677, 0 .07257, 0.07841925, 0.084221 
0.08997225, 0 .09566925, 0.10130875, 0 .106887, 0.112401 

0.11784725, 0.12322275, 0.128 52375, 0.1 337475, 0.1388905 
0.14395000, 0.14892275, 0.15380575, 0.15 8596, 0.163291 

0.16788750, 0.17238275, 0.17 677425, 0.1 810595, 0.1852355 
0.18929975, 0.19325025 , 0.19 708425, 0.20 07995, 0.204394 

0.20786500, 0.21121125, 0.21443 , 0.2175195, 0.22047825 
0.22330400, 0.22599525, 0.2285505, 0. 230968, 0.2332465 

0.23538425, 0.2373805 , 0 .2392335, 0.2409 425, 0.2425065 
0.24392425, 0 .245 19525 , 0.2463 185, 0 .24729325, 0.24811925 

0.24879550, 0.24932225, 0.2496985, 0 .2499245, 0.25 

0.24992475, 0.24969925, 0.249323, 0.24879675, 0.24812075 

0.24729525, 0.24632075, 0.24519775, 0.24392725, 0.24250975 
0.24094600, 0.23923725, 0.2373845, 0.23538875, 0.233251 

0.23097300, 0.22855575, 0.226001, 0.22 331, 0.2204845 

•1 
*/ 

*I 
*I 
*I 
•1 
*I 
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float 
float 
float 
float 
float 
fl oat 
fl oat 
float 
fl oat 
float 
float 
float 
float 
float 
float 
float 
float 
fl oa t 
float 
float 
fl oat 
float 
fl oat 
float 
float 
float 
float 
float 
float 
float 
float 
float 
float 
float 
float 
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0.217526, 0 .21443675 , 0.2112 1825, 0.2078725, 0.2044015 
0.2008075, 0.19709225, 0.193258 5, 0.18930 85, 0.18524425 
0.1810685, 0.17678375, 0.17239225, 0.16789725, 0.163301 

0.15860625, 0 . 153816, 0.14893325, 0.14396075, 0.1389015 
0 .1337585, 0.128535, 0 . 123234, 0.117859, 0.11241275 
0.106899, 0.10132075, 0.0956 815 , 0.0899845, 0.0842335 
0.07843175, 0.0725825, 0.06668975, 0.06075675, 0 .05478 725 

0.04878475, 0.04275275, 0.036695, 0. 03061 525, 0.024517 
0. 018404, 0. 01227975, 0 .00614825, 0. 00001325, -0. 006122 

-0 . 0122535, -0.0183778, - 0.0244908, -0.030589, -0.036669 
-0.0427268, -0.0487588, -0.0547615, -0.0607313, - 0.0666645 
-o. 0725575, -o. 0784068, -o. 0842088, -0 . 08996, -0. 0956573 
-0.1012968, -0.1068753, -0.1123893, -0.1178358, -0.1232113 

-0 .1285125, -0 .133 73 63, -0 .138 8795 , -0.1439393, -0 .148912 
-0.1537953, -0.158586, -0.163281, -0.1678778, -0.1723 733 

-0.176765, -0.1810503, -0.1852265, -0.1892913, -0.193242 
-0.1970763, -0.2007918, -0.2043863, -0.2078578, -0.211204 

-0.2144233, -0.217513, -0.220472, -0.223298, -0.2259898 
-0. 2285453, -0 .230963, -0.2332418, -0.2353798, -0.2373763 

-0 .2392298, -0.240939, -0.2425033, -0.2439215, -0.2451928 
-0 .2463163, -0.2472913, -0.2481175, -0.2487943, -0.2493213 
-0.249698, -0.2499243, -0.25, -0.2499253, -0.2496998 
-0.249324, -0.2487983, -0.2481223, -0.247297, -0.246323 

-0.2452003, -0.24393, -0.2425128, -0.2409495, -0.2392413 
- 0.2373888, -0.2353933, -0.2332558, -0.230978, -0.2285613 

- 0.2260065, -0.2233158, -0.2204905, -0.2175325, -0.2144435 
- 0.2 112253, -0.2078798, - 0.204409, -0.2008153, - 0.1971005 

- 0. 193267, -0.189317, -0.185253, -0.1810775, -0.176 79 3 
- 0.172402, - 0.16 7907, - 0.163 311, - 0 .1586165, -0.15 3826 5 

-0.14 89438 , - 0.14 39715, - 0.1389125, -0.1337698, - 0 . 128 5463 
- 0 . 1232455, -0.11787 05, - 0.1124245, -0.106911, -0 .101332 8 

-0.0956938, -0.089997, -0.084246, -0.0784443, -0.0725953 
-0.0667025, -0.0607695, -0.0548, -0.0487975, -0.0 427658 
-0.036708, -0.0306283, - 0 .02453, -0.018417, -0 .012293 
-0.00616 15, 0.000000 
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, 

f •-=--- - -=----- - ----===--==-=------=•==-=-=--•==•==•- -- •--=••=••••=•• •=-=•••• •===*I 
f • 
I • NAME 
/ * Addit iv eAnalysis.s 
f • 
/ • SYNOPSIS 
f • This DSP module uses 4 sine wave oscillators to generate sound 
/ • data for the FFT analysis. It expects the host to pass a parameter 
f • block of this form : 
/ * 

/ * struct AddParams { 
f • float numSamples; 
f • 
f • 
/* 

1• 
I • ) ; 

f• 

float 
float 
float 

minFreql, maxFreql, minFreq2, maxFreq2, minFreq3, maxFreq3; 
ampEnvl [ 6 I, freqEnvl [ 6 I, ampEnv2 [ 6], freqEnv2 [ 6]; 
ampEnv3[6), freqEnv3[6], ampEnv4[6), freqEnv4[6]; 

unsigned l o ng flags; 

f • It will use these parameters for the 4 oscillators giving them time-
/* varying freqencies and amplitudes. 
f • 

/ * Author Jeff Boone, Oregon State University 
1 • 

1--------------------------------------------------------------------------------•1 finc lude <dspregs.h> 
finclu de "Additive Offsets.h" 
finclu de "dspTaskDispatcherOffsets.a.h" 

. rsect 11 • prog" 

loop l: 

l oop2 : 

'>ext: 

rlOe • rl7 
r9e • rl7 

r7e • rl7 + ADD FLAGS 
r2 e - •r7 
no p 
r2e & HOST READY FLAG 
if {eq) pcgoto Endit 

rBe = PARAMS 

r7e - 55 

•r s++= a2 - dsp _(•r9++) 
if (r7 - - >· 0) pcgot o lo opl 
no p 

r9e PARAMS + ADD_MIN_FREQl 
r8e INCl 
r2e FREQ_MULT 
r6 e 6 

•re ++= aO = *r2 * *r9 ++ 
if {r6 -- >= 0) pcgoto loop2 
nap 

r7e = rl7 + ADD FLAGS 

r 2e * r 7 
no p 
r2e & VIEW FLAG 
if (eq) pcgoto Next 
na p 

rlOe = rl7 + ADD_RETURN DATA 
r2e & HOST READY FLAG 
i f (eq) pcgoto Endit 

=Se = rl7 
aO = dsp(*r8) 
r 2e TEMP INT 
nap 

•r2 al = int24(a0) 
J•no p 

=2e 
~op 

* r2 

r2e - r2 - 128 
r2 - O 
i f (ge) pcg oto Next2 

r3e = INDEX 

/* host parameters 

I* r2 conr.alns flags fro m host 
/* latent instruction 
/* test the host ready bit 
/* host is not ready 

/ * number of params - 2 

/* copy over all para ms 

/• set up INCl - IN C8 

/* r2 cont ains flags from host 
/* la tent instruction 
/* te st th e view bit 
/ * we want to hear it 

/* point rlO to param block 
/* test the host _ ready bit 
/* host i s not ready 

/* NumSamples 

/* r2 = Numsamples 

/ * Subtract th e f rame size 
/* need t o output more samples? 

/* don't need samples 

*/ 

*/ 

*/ 
*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

* I 

* I 

• I 

*/ 

•f 

*/ 

Pagel 
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here: 

Next2 : 

Nex t]: 

Next4: 

r2e = ZERO 

r 7e - 11 
if ( r7-- >= 0) pcgoto here 
.*r3++ - aO • *r2 
r4e • NEED TO INIT 

r2e - INIT FLAG 
*r4 • r2e 

pcgoto Endit 

r4e • TEMP INT 
• r 4 = r2 
nop 
aO = float(*r4) 
2*nop 

•rs - al - ieee(aO) 

rl Oe +- ADD_RETURN_DATA 

r4e • FIRST HALF 
r2e • * r4 
nop 
r2e, SECOND HALF 
if (eq) pcgoto Next3 
nop 

rlOe - rlO + 50 8 
rBe • rl7 + ADD FLAGS 
r2e ,- -SECOND HALF 

* r 4 - r2 e 

r2e • *r B 
nop 
r2e ,- -HOST READY FLAG 
r2e I • DO_FFT FLAG 
•rB 2 r2e 

pcgoto Next 4 
nap 

r2e I = SECOND_HALF 
*r 4 - r2 e 

rlle = INDEX 
r2e = rl7 + ADD INDEX 
*rl, = aO = dsp(*r2) 
r7e = COMPARE 
r6e = PT FIVE 
al = •rll • • r7 
a2 = a l - • r6 
r2e = TEMP INT 
nap 
• r2 
3* no p 

a2 = int(a2) 

r2e = *r2 
na p 
r2 = r2*2 
r2 = r2*2 
r2e = PARAMS + r2 
r]e = r2 + ADD AMP ENVl 
r 4e - r3 + 4 
aO - *r 4 - *r 3 
r Se • AMP IN DEXl INC 
nop 
•rs - al 2 aO • *r7 

rJe • r2 + ADD FREQ ENVl 
r4e r3 + 4 
aO - •r 4 - *r3 
rSe - FREQ_INDEXl INC 
nap 
•rs ""' al :::,: aO • •r7 

r3e • r2 + ADD AMP ENV2 
r4e r3 + 
aO"' •r 4 - *r3 
r Se • AMP INDEX2 INC 

nop 
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/* zero out our VAR parameters •/ 
I* there are 13 of them • / 
/* Re-initailize the VAR parameters */ 
/* Zero out t he parameters */ 

/* Turn on need to init flag 

/* exit the module 

/* put samples r emaining in temp 

/* Update samples remaining 

/* see if we're doing 1st half 

/* doing 1st ha l f 

/• doing 2nd half, add offset 

/• Tog gle FIRST_HA LF 

/* r2 co ntai n s f l ags from host 
/* latent in s tru ction 
/* clear the ho st_ready flag 
/* s et t he do fft flag 
/* write flags t o memory 

/* Toggle FIRST_HALF 

/ * Read index ~~om host 

/* I • COMPARE 

/* Subtract O. S fo r round 

; • a 2 Start 

I• r2 

/• r2 = r2 • 4 (f or float si ze) 

/* Env [ start J 
;• Env[ finish } 

/' aO = Env[f'.~ish) - Env[startJ 

/* Save Index :~cre ment 1 

/* Env[start J 
/* Env[f ini sh J 
/* aO - Env [ f'.~'.s hJ - Env[st art J 

/* Save Index ~~creme nt 1 

/* Env[start J 
/* Env[flnish : 
/ * aO = Env[f'.~i shJ - Env[startJ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

•! 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 
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*r5 = al aO • * r7 

r3e - r2 + ADD_FREQ ENV2 
r4e - r3 +' 4 
aO - *r4 - *r3 
r5e FREQ_INDEX2 INC 
nop 
•rs - al - aO • •r7 

r3e - r2 + ADD AMP ENV3 
r4e - r3 + 4 
aO - *r4 - *r3 
r5e • AMP_INDEX3 INC 
nop 
*r5 - al - aO * *r7 

r3e - r2 + ADD_FREQ ENV3 
r4e = r3 + 4 
aO - *r4 - *r3 
r5e = FREQ_INDEX3 IN C 
nop 
•rs= al - aO • •r7 

r3e • r2 + ADD AMP ENV4 
r4e - r3 + 4 
aO - *r4 - *r3 

r5e - AMP INDEX4 INC 
nop 
*rS - al =- aO * •~7 

r3e - r2 + ADD FREQ ENV4 
r4e - r3 + 4 
aO - *r4 - *r3 
r5e - FREQ_INDEX4 IN C 
nop 
•rS =- al ~ aO * •r7 

r8e NEED TO INIT 
r2e - *r8 
nop 
r2e & INIT FLAG 
if (eq) pcgoto Noinit 

r2e &= -INIT FLAG 
• r8 - r2e 

r3e PARAMS + ADD AMP ENVl 

r4e = AMP INDEXl 
*r4 - aO = *r3 

r3e = PARAMS + ADD AMP ENV2 
r4e AMP INDEX2 
*r4 aO""" *r3 

r3e PARAMS + ADD AMP ENV3 
r4e AMP INDEX3 
*r4 aO = *r3 

r3e PARAMS + ADD AMP ENV4 
r4e AMP INDEX4 
*r4 aO = •r3 

r3e = PARAMS + ADD FREQ ENVl 
r4e FREQ INDEXl 
* r4 =- aO • * r3 

r3e PARAMS + ADD FREQ_ENV2 
r4e = FREQ_INDEX2 
*r4=a0=-*r3 

r3e PARAMS + ADD ,REQ ENV3 
r4e = FREQ_INDEX3 
*r4 aO = •r3 

r3e = PARAMS + AD9 FREQ_ENV4 
r4e fREQ INDEX4 
*r4 - aO - *r3 
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/* Save Index increment 2 

I* Env [start] 
/* Env[finish] 
/* aO - Env[finish] - Env[start] 

/* Save Index increment 2 

/* Env[start] 
/* Env[finish] 
/* aO • Env[finish] - Env[startJ 

/* Save Index increment 3 

/* Env[startJ 
/* Env[finish] 
/* aO - Env[finish] - Env[startJ 

/* Save Index increment 3 

/* Env[startJ 
/* Env[finishJ 
/* aO - Env[finishJ - Env[start] 

/* Save Index increment 4 

/* Env[startJ 
/* Env[f1n1shJ 
/* aO - Env[finishJ - Env[startJ 

/* Save Index increment 4 

/*T urnoff 1n1t flag 

/* Set up initial indexes 

*/ 

*/ 

*I 
*I 

*/ 

*/ 

*/ 

*I 

*/ 

*I 
*/ 
*/ 

*I 

*I 
*/ 

*/ 

*/ 

*I 
*/ 
*/ 

*/ 

*/ 

*/ 
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Noinit: 

Mainloop: 

lessl: 

r7e 126 
r9e - SINE_SIZE 

r6e - AMP_INDEXl INC 
r4e • AMP_INDEXl 
al - •r4 
*r4 - aO • *r4 + *r6 

r2e • PHASEl 
r4e - TEMP INT 
•r4 • a2 - int24 (•r2) 
3•nop 
r4e = *r4 
rle • OUTPUT 

r4 - r4•2 
r4 - r4•2 

rSe • r4 + SINE TABLE 

•rl - aO - •r s • al 

r6e • ,REQ_INDEXl INC 
r4e • ,REQ_INDEXl 

al - •r4 
*r4 - aO - *r4 + *r6 

r2e • PHASEl 
r3e - INCl 
rle - INC2 
a0 •* rl-*r3 
3•nop 
aO • *r3 + al * aO 
3•nop 

*r2 - aO • *r2 + aO 
2•nop 

r3e = TEMP INT 
•r3 = aO - int24(*r2) 
3*nop 
r3e = •r3 
nop 
r3 - 256 
if (lt) pcgoto less l 
nop 
•r2 aO = *r2 •r9 

r6e = AMP INDEX2 INC 
r4e - AMP INDEX2 
a 1 = • r4 
*r4 • aO - *r4 + *r6 

r2e PHASE2 
r4e • TEMP INT 

•r4 - a2 = int24 (*r2) 
3•nop 

r4e - *r4 
rle = OUTPUT 
r4 r4 • 2 
r4 = r4*2 

rSe = r4 + SINE TABLE 
*rl - aO *rl + al • •rs 

r6e - ,REQ_INDEX2 INC 
r4e - ,REQ_INDEX2 

a 1 - • r4 
*r4 - aO ~ *r4 + *r6 

r2e • PHASE2 
r3e • INC3 
rle • INC4 
aO = *rl - *r3 
3'nop 
aO - *r3 + al • ao 
3*nop 

•r2 = aO = •r2 + aO 
2*nop 
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/* Loop count (frameSize-2) 

I* al = I NDEXl 
/* INDEXl • INDEXl + INDEXl INC 

/* r4 • PHASEl 

/* Multiply by 4 for float 

I* rs is index into sine table 
!• SINE_TABLE[PHASEl) . INDEXl 

/* al • Indexl 
/* Indexl - Indexl + Ind exl Inc -

;• r3 points to Incl (Min,req) 

1• aO - Inc2 - Incl 

1• aO - Indexl . (Inc2-Incl) + Incl 

;• Phasel = Phasel + In cl + ( Indexl 

;• r3 PHASEl 

/* See if we're past end of table 

/* Wrap to start of table 

;• al = INDEX2 

/' INDEX2 = INDEX2 + INDEX2 INC 

;• r4 = PHASE2 

/* Multiply by 4 for float 

I • rs is index into sine table 
;• Sum into output 

;• al = Index2 
!• Index2 = Index2 + Index2 Inc 

1• r3 points to Inc3 (Mi n,re q ) 

I' aO In c4(Max,req - Inc3 

;• aO = I ndex2 . (Inc4-Inc3) + Inc3 

;• Phase2 = Phase 2 + Inc3 + (Index2 

•! 
•; 

*/ 

*/ 

•; 
•; 

•; 
* / 

• ; 

*/ 

'/ 

. 

*/ 

•! 

• ; 
• I 

•; 
"/ 

• I 

·/ 

*/ 

. 
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less2: 

less3: 

I . 

r3e • TEMP INT 

*r3 - aO - int24(*r2) 
3*nop 
r3e • *r3 
nop 

r3 - 256 
if (lt) pcgoto less2 
nop 
•r2 • aO ~ *r2 - •r9 

r6e • AMP INDEX3 INC 
r4e • AMP INDEX3 
al• *r4 
*r4 - aO - *r4 + *r6 

r2e • PHASE3 
r4e • TEMP INT 

•r4 - a2 - int24 (*r2) 
3*nop 

r4e - *r4 
rle • OUTPUT 
r4 • r4*2 
r4 • r4*2 

r5e - r4 + SINE TABLE 
• rl aO = *rl + al . 
r6e - fREQ INDEX3 INC - -
r4e - fREQ INDEX3 
al - •r4 
*r4 - aO - •r4 + •r6 

r2e - PHASE3 
r3e - INC5 
rle - INC6 
aO - •rl - *r3 
3*nop 

aO - *r3 + al . ao 
3*nop 

*r2 - aO - *r2 + aO 
2*nop 

r3e • TEMP INT 
•r3 = aO = int24(*r2) 
3*nop 

r3e = •r3 
nop 
r3 - 256 
i f (lt) pcgoto less3 
nop 
• r2 aO = *r2 - *r9 

r6e = AMP INDEX4 INC 

r4e - AMP INDEX4 
a 1 = • r4 
*r4 - aO = *r4 + *r6 

r2e PHASE4 
r4e TEMP INT 
• r4 a2 = int24 ( • r2) 
3*nop 

r4e - • r4 
rle = OUTPUT 
r4 r4 • 2 
r4 = r4*2 

rSe • r4 + SINE TABLE 
rle = OUTPUT 

r4e = PT TWO fIVE 

aO - •rl + al . •rs 
3*nop 

aO - aO . 'r4 
2*nop 

*rlO++ = aO = ieee(aO) 

r6e = fREQ_INDEX4 INC 
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I • r3 - PHASE2 

/* See if we're past end of table 

/* Wrap to start of table 

I• al - INDEX3 
/ 0 INDEX3 - INDEX3 + INDEX3 INC 

/* r4 • PHASE3 

/* Multiply by 4 f o r float 

/ * rs is index into sine table 
• r5 / * Sum into output 

I • al - Index3 
1• I ndex3 - Index3 + Index3 Inc 

/ * r3 points to IncS(Minfreq) 

; • aO - Inc6(Maxfreq - Ines 

/* aO - Index3 . (Inc6-Inc5) + Ines 

/* Phase3 - Phase3 + IncS + (Index3 

/ * r3 PHASE3 

/ * See if we're past end of table 

/ * Wrap to start of table 

I • al = INDEX4 

/ * INDEX4 = INDEX4 + INDEX4 INC 

I • r4 = PHASE4 

/ * Multiply by 4 for float 

/ * rS is index into sine table 

/ * Sum into output 

/ * Divide by 4 

/ * Place into sample buffer 

*I 

*/ 

*I 
*/ 

*/ 

*/ 

*/ 

•1 

•; 
•; 

•; 

*/ 

*/ 

. 

*/ 

*/ 

*/ 

*/ 

*I 

.* I 
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less4: 

End It: 

r4e = FREQ_INDEX4 
al = •r4 
*r4 - aO - •r4 + •r6 

r2e PHASE4 
r3e - INC7 
rle - INC8 
aO - •rl - •r3 
3•nop 
aO = •r3 + al • aO 
3*nop 

*r2 - aO - •r2 + aO 
2*nop 

r3e - TEMP INT 
*r3 - aO - int24(*r2) 
3*nop 

r3e - *r3 
nop 
r3 - 256 
if (lt) pcgoto less4 
nop 
*r2 - aO - *r2 - •r9 

r2e - ONE 
*rll - al *rll + *r2 
if (r7-- >= 0) pcgoto Mainloop 
nop 

r8e - rl7 + ADD INDEX 
•re - aO = ieee('rll) 

return (rl8) 
nop 

Project:Project:AdditiveAnalysis.s 

/* al = Index4 
/* Index4 - Index4 + Index4 Inc 

/* r3 points to Inc 7 (MinFreq) 

/* aO - Inc8(11axFreq) - Inc7 

*/ 

*/ 

*I 

*/ 

/* aO = Index4 • (Inc8-Inc7) + Inc7 */ 

/* Phase4 - Phase4 + Inc7 + (Index4 • (Inc8-Inc7) 

I• r3 - PHASE4 

I* See if we're past end of table 

/* Wrap to start of table 

/* Increment t~e index 
/* Loop for size of frame 

J• Write Index to host 

*/ 

*I 

*/ 

*/ 

•1 

*/ 

FREQ_MULT: float 
float 
float 
int24 
float 
float 
float 
float 
float 
float 
float 
float 

(256.0/24000.0) /* Sine table size/ Sample rate •J 
COMPARE: (1.0/ (24960.0/5.0)) 
MAX AMP: (1.0) 
TEMP INT: 
SINE_SIZE: (256. 0) 
NUMBER SAMP: 24960.0 
A_FIFTH: (1.0/5.0) 
OUTPUT: 0.0 
ONE: 1.0 
PT_FIVE: 0.5 
PT_TWO_FIVE: 0.25 
ZERO: 0.0 

PARAMS: 57*float 
INCl: float 
INC2: float 
INC3: float 
INC4: float 
INCS: float 
INC6: float 
INC7: float 
INCS: float 
AMP_INDEXl INC: float 
AMP_I NDEX2 INC: float 
AMP I NDEX3 INC: float - -
AMP INDEX4 INC: float - -
FREQ_ INDEXl INC: float 
FREQ_ INDEX2_INC: float 
FREQ_ INDEX3_INC: float 
FREQ_INDEX4 INC: float 

. rsect ". var 11 

INDEX: float 0. 0 
PHASEl: float 0. 0 
PHASE2: float 0.0 
PHASE3: float 0.0 
PHASE4: float 0.0 
AMP INDEXl: float o.o -
AMP I NDEX2: float 0.0 -
AMP INDEX3: float 0.0 -
AMP I NDEX4: float o.o -
FREQ INDEXl: float 0.0 -
FREQ INDEX2: float 0.0 -
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FREQ_ INDEX3: 

F REQ_INDEX4: 
FIRST HALF: 

NEED_TO_INIT: 

. rsect ". tab• 
SINE_TABLE: float 

float 
float 
f loat 
float 

float 
float 

fl oat 
float 

float 
float 

float 
float 

float 
float 
float 
float 
float 
f loat 

f l oat 
fl oat 

f loat 
flo at 
fl oat 
f l oat 

fl oat 
fl oat 

f loat 
fl oat 

float 
f l oat 

float 
float 

float 
f l oat 

float 
f l oat 

f l oat 
~l oat 
fl oat 
fl oat 

fl oat 
flo at 

fl oat 
fl oat 

fl oat 
float 
fl oat 
fl oat 

fl oat 
fl oat 

f l oat 

Project:Project:AdditiveAnalysis.s 

float 0 .0 

float 0 .0 
fltbits 0 
fltbits OxOOOOOOOl 

0. 00000000, 0. 00613525, 0 .01226675, 0 .01839075, 0. 024 504 
0.03060225, 0.036682, 0.04273975, 0.04877175, 0.0547745 
0.06074400, 0.066677, 0 . 07257, 0.07841925, 0.084221 

0.08997225, 0 . 09566925 , 0.10130875, 0.106887, 0.112401 

0.11784725, 0.12322275, 0.12852375, 0.1337475, 0.1388905 

0.14395000, 0.14892275, 0.15380575, 0.158596, 0.163291 
0 . 16788750, 0 .1 7238275, 0 .17677425, 0 .1810595, 0 .1852355 

0.18929975, 0.19325025, 0.19708425, 0 . 2007995, 0.204394 
0.20786500, 0.21121125, 0.21443, 0.2175195, 0.22047825 

0.22330400, 0.22599525, 0.2285505, 0.230968, 0.2332465 
0.23538425, 0.2373805, 0.2392335, 0.2409425, 0.2425065 

0 . 24392425, 0.24519525, 0.2463185, 0.24729325, 0.24811925 
0.24879550, 0.24932225, 0.2496985, 0.2499245, 0.25 

0.24992475, 0.24969925, 0.249323, 0.24879675, 0.24812075 
0.24729525, 0.24632075, 0.24519775, 0.24392725, 0.24250975 
0.24094600, 0.23923725, 0.2373845, 0.23538875, 0.233251 
0.23097300, 0.22855575, 0.226001, 0.22331, 0.2204845 
0.217526 , 0.21443675, 0.21121825, 0.2078725, 0.2044015 
0.2008075, 0 . 19709225, 0.1932585, 0.1893085, 0 . 18524425 

0.1810685, 0.17678375, 0. 17239225, 0 . 16789725, 0.163301 
0.15860625, 0 .153816, 0.14893325, 0.14396075, 0 . 1389015 

0.1337585, 0. 12 8 53 5, 0.123234, 0 . 117859, 0.112 4 1275 
0 .1 0 6899, 0 .10132075, 0 .0956815, 0. 0 899845, 0 .0842335 

0. 07843175, 0. 072 58 25 , 0 .0 66 6 8975, 0 .0 607567 5 , 0.05478725 
0 . 0 4878475, 0 .04 27 52 75 , 0 .03 6 695, 0 .0 3061525 , 0 .024517 

0 . 018404, 0 .0 122 7 975, 0 .0 0 614825, 0 .00001325, -0.006122 
-0.012253 5 , - 0 .0183778, -0.0 2 44908, -0.030589, -0.036669 

-0.04272 6 8, - 0 .0487588, - 0 .0 5 47615, -0.0607313, -0.0666645 
- 0 . 0725575, - 0 . 0 784 0 68, -0. 08 42088, - 0. 08 996, - 0 . 0956573 
-0.1012968, - 0 .1068753, - 0 .1123893, - 0. 1178358, -0.1232113 
- 0 .1285 1 25, - 0 .1337363 , -0.13887 9 5, -0.1439393, -0.148912 

-0.15 3 7 9 53, - 0 .158586, -0.163281, - 0 .1678778, -0.1723733 
-0 . 176765, -0.1810503, - 0.1852265, -0.1892913, -0.193242 

-0.1970763, -0.2007918, -0.2043863, -0.2078578, -0.2112 0 4 
- 0 .2144233, - 0 .217513, - 0.22 0 472, -0 . 223298 , -0 . 2259898 
- 0 .2285453, - 0 . 2 3 0 963, - 0 .2 332 418, -0.23537 9 8, -0.2373763 
- 0 .2392298, - 0 .240939, - 0 .2425033, -0.2439215, -0.2451928 

- 0 .2463163, - 0 .2472913, -0.2481175, -0.2487943, -0.2493213 
- 0 .249698, - 0 .2 4 99243, - 0. 25, -0.2499253, - 0 .2496998 

- 0 .249324, - 0 .2 48 7983, - 0.24 8 1 223 , - 0 .247297, -0.246323 
-0.2452003, - 0 .24393, - 0 .2425 128, -0.2409495, -0.2392413 

- 0 .2373888, - 0. 2353933, - 0 .2332558, -0.230978, -0.2285613 
- 0 .2260065, - 0 .2233158, - 0 .22 0 4905, - 0 .2175325, - 0 .2144435 

-0. 2 112253, - 0 .2078798, - 0. 2 0 4409, -0. 2 008153, -0.19710 0 5 
- 0 .193267, - 0. 1893 1 7, - 0 .185253, - 0. 1810775, - 0. 176793 

-0.172402, - 0 .167907, -0.163311, - 0 .1586165, - 0 .1538265 
- 0 .1489438, -0.1439715, -0.1389125, - 0 .1337698, -0.1285463 

- 0 . 1 232455, - 0 .1178705, - 0 . 11 24245, -0.106911, -0.10133 2 8 
-0.0956938, - 0 .089997, -0.084246, - 0 .0784443, -0.0725953 

- 0 .0667025, - 0 .06 0 7695, - 0 .0548, - 0 .0487975, -0.0427658 
-0.036708, - 0 .0306283, - 0 .02453, - 0 .018417, -0 . 012293 
- 0 .0061615, 0 .000000 
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r 1•------------=--------------------------------------------------------------•1 

/* 

/* !iAME 

/• Kar plus.s 
/* 
/* SYNOPSI S 
/* This is the DSP mod ul e that performs the Karplus/St rong plucked 
/* s tri ng synthesis. It expects the host t o pass it a parameter block 
/* of this f orm: 
;• 
;• struct KSPa rams 
/* float numSamples; 
/* float tableSize; 
I• flo a t random Seed; 
/* unsigned lon g flag s ; 
I• I ; 
/* 

/* Author Jeff Boone , Oregon State University 
;• 
1•-----------------------------------------------------------------------------•1 
tinclu de <dspregs.h> 
ti~clu de "dspTask Dispatch er Offs ets.a.h• 
fi"clude "Karplus _Offsets.h" 

.rsect ".prog• 

Mo::e: 

Nex:: 

rlOe • rl6 + DH HADDR + PHYSICAL 
rlOe • • rlO 

rBe - rl7 
aO • ds p(*r8) 
r3e • TEMP INT 
nop 
*r3 - al • int24(a0 ) 
3*nop 
r3e - •r3 
nop 

r3e - O 
if ( ltl pcgo t o end 

r7e - r17 + KAR FLAGS 
r2e - •r7 
nop 
r2e & VIEW FLAG 
if (eq) pcgoto Next 
nop 

rlOe = r17 + KAR RETURN DATA - -
r2e & HOST READY FLAG 
if (eq) pcgoto end 

r4e • TEMP INT 
r3e r3 - 240 
*r4 • r3e 
nop 
aO - float (•r4) 
2*nop 
•rs • al - ieee(aO) 

r2e & NEED_TO_INIT 
if (eq) pcgoto noinit 

r2e &• ~NEED TO INIT 
* r7 = r2e 

/* -- PRB Addre s s --

/* NumSamples 

;• convert to an integer 

!• r2 - NumSamples 

/* See if we need more sa mpl es 
/* Need more samples 

/* r2 contains flags from host 
/* latent instruction 
/* test the view bit 

*/ 

/* we want to hear it 

/* point rlO to param block 
/* test the host ready bit 
/* host is not ready 

/* Subtract the frame size 
/* put samples remaining in temp 

;• convert to float 

;• Update samples remaining 

/* test the need to init bit 
;• ho st is not ready 

;•Turnof f Need To Init flag 
/* Write flag back to memory 

•1 

•1 

*/ 

*I 
*/ 

•1 
*/ 

*/ 

•1 

•1 
*/ 

•! 

•; 
*/ 

•1 

•; 

*/ 

*/ 

*/ 

•! 

' ·-------------------------------------------- ---------- ------------------ •! 
This section loads the initial random values i nto the wave table for •; 

f • the Karplus/Strong synthesis. •; 

' •----- --------------------------- -------- --- ----------- ------------------ •! 

rlle = rl 7 + KAR SIZE 
r6e - TEMP INT 
aO - dsp (•rll) 
•r6 - al • int24(a0 ) 
nop 
rSe • r17 + KAR SEED 
rle • TEMP FLOAT 

/• TableS ize addr •1 

!• Size of wave table */ 

/* Seed val ue •1 
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r6e • • r6 
r2e - waveTable 
r6e r6 - 2 
*rl • aO • dsp(*r5) 
r7e • MINUS_ONE 
rBe - TWO 

ran: r3e - ranmul 
nop 

ranA: 

stop: 

aO - *r l • *r3++ 
aO - aO + *r3++ 
r4e - ranmod 
nop 
al - *r3 + aO • *r4++ 
al = int(al) 
al - float(al) 
2*nop 

*rl = aO - aO - al • *r4- -
3*nop 
aO,.. aO • *r4 
2*nop 
*r2++ - al - •r7 + aO * •re 

nop 
if (r6 -- >• 0 ) pcgoto ran 
nop 
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/* r6 = tableSize 
/* Pointer to output 

/* ranmul * seed 

/ * Update the seed value 

/* Loop for nurnsamples 

/' ----------------------------------------------------------------- •! 
/' Now use the table to create th e output value s. */ 

/' ----------------------------------------------- ------------------ *! 

noi nit: r7e • OFFSE T 
r7e - *r7 

loo p: 

rlle • rl7 + KAR SIZE 
r9e - TEMP INT 
aO - dsp(*rll) 
*r9 • al - int24(a0) 

r6e - 240 -2 
r2e - r7 + waveTable 
r4e POINTS 
r9e - • r9 

r7e GAIN 
r9e r9 * 2 
r9e = r9 * 2 
rSe r 9 + waveTable 

r3e = r2 - 4 
r3 - waveTable 
if (ge) pcgoto skipl 
nop 
r3e += r9 

skipl: r2 - r5 
if (lt) pcgoto skip2 
nop 
r2e = waveTable 

skip2: al - *r2 + •r3 
3* nop 

*r2++ - a2 - al * *r4 

rBe = r17 + KAR FLAGS 
r3e - • re 
nop 
r3e & VIEW fLAG 
if (eq ) pcgoto Sound 
nop 

aO = a2 • *r7 
2*nop 
•rlO++ - aO = ieee(aO) 
pcg o to Cont 

/* TableSize addr 

/* Size of wave table 
/* r9 points to wave table size 

/* r6 is the counter(frameSize-2) 
/* Pointer to wave table 
/ * Constant O. 5 
/* r9 - tableSize 

/* Multiply by 4 for flo at size 
/* Address of end of table 

/* Let r3 trail r2 by one sample 
/* See if we've fallen off front 

/* r3 = r3 + len gth of table 

/* See if we reached end of table 

/* Start at front again 

/ * Add two sa mples 

/* Average 

/* rB points to host fla gs 
/* r2 contains f lags from host 
/* la t e nt instruction 
/* test the view b it 
/* we want to he ar it 

/* Place into sample buffer 

*I 
*I 

*/ 

*I 

*/ 

*I 

*I 
*I 

*I 
*I 
*I 
*I 

*I 
*/ 

*I 
*I 

*/ 

*I 

*I 

* I 

* / 

*I 
*I 
*/ 

•1 
'I 

'I 
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nop 

Sound: •rlO++ aO - •rlO + a2 • •r 7 

Cont: if (r6-- >• 0) pcgot o loop 
nop 
r7e • OFFSET 
r2e • r2 - waveTable 
•r7 - r2 

r8e • rl7 + KAR FLAGS 
r2e - •rs 
nop 
r2e &- -HOST_READY_FLAG 
•rs - r2e 

end: return (r18) 
nop 

Project:Project:Karplus.s 

/• Output result 

;• Latent instruction 
;• Store the last position 

1• r8 points to host flags 
1• r2 contains flags from host 
1• latent instruction 
1• Clear the host ready flag 
1• Write flags t o memory 

ranmul: 
ranrnod: 

seed: 

float 
float 
float 

25173., 13849., -0.5 
(1.0/32768.0), 32768.0 
2378.0 

TEMP FLOAT: -
.alig n 4 
TEMP INT: 
. align 4 
POINTS: 
GAIN: 
MINUS ONE: -
TWO: 
ZERO: 

float 

int 

float 
float 
float 
float 
float 

0.500000 
(1. 7) 
(-1. 0 ) 

2.0 
0 .0 

/*---------------------- These are the variable parameters ------------ */ 
.rsect 11 .var" 
OFFSET: 
.align 4 
waveTable: 

int24 0 

512 • float 

• 1 

•1 
•; 

•1 
•1 
•1 
•1 
•; 
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r1•-------===---------=------------------------=---------------=--------=--------•1 
I* 
/* NAME 
/* Ka rplus.s 
I* 
/* SYNOPSIS 
/* This is the DSP module that performs the Karplus/Strong plucked 
/* string synthesi s . It expect s the host to pass it a parameter block 
/* o f this form: 
/* 

/* stru c t KSParams 
I• float numSamples; 
/* float tableSize; 
/* float randomSeed; 
/* unsigned long flag s ; 
I* I; 
I* 
/* Author Jeff Boone, Oreg o n State Un iversity 
/* 

/*=----===-====•--======--===-===-----------=-====-===-----=====--=-=======-=====*/ 
tinclude <dspregs.h> 
tinclude "dspTaskDispatcherOffsets.a.h" 
tinclude "Karplus_Offsets . h" 

.rsect. ".prog" 
rlOe = rl7 

Around: r7e = rl7 + KAR fLAGS 
r2e - •r7 

Next: 

nop 
r2e & HOST READY fLAG 
if (eq) pcgoto end 
nop 

aO - dsp(*rlO) 
r 3e TEMP INT 
no p 
*r3 - al = int24(a0 ) 
3*nop 

r3e * r3 
nop 

r 3e - O 
if (lt) pcgoto end 

r4e = TEMP INT 
r3e r3 - 256 
*r4 ""' r3e 
nop 
ao = flo at (•r4) 
2•nop 
*rlO = al = ieee(aO) 

r2e & NEED TO INIT 
if (eq) pcgoto noinit 

r2e &= -NEED TO INIT 
*r? = r2e 

/* Data buffer 

/* r2 contains flags from host 
/* la tent instruction 
/* test the host re ady bit 
/* host ls not ready 

/* Numsamp l es 

/* convert to an integer 

/* r3 = NumSamples 

/* See if we need more samples 
/* Need more samp l es 

/* Subtract the fram e size 
I* put samples re maining in temp 

/* convert to float 

/* Updat e samples remaining 

I * test. the need to !nit bit 
/* host is not ready 

I* Turn off Need To Inlt flag 
I* Write flag back to memory 

*/ 

*/ 

•1 
*/ 

*/ 

*/ 

*I 

*I 

*/ 

*/ 

*/ 
•1 

*/ 

*I 

•1 
*I 

•1 
*I 

/* - - - - - - - - - - - --- - ---- --- - ---- ---- - - -- - -------- -- - - -- -- --- -- - --- - ----- -- -- -• ! 

\.. 

f• This section load s the initial random va l ues into the wave table for •/ 
/ • the Karplus/Strong synthesis. */ 

1•-------------------------------------- -------------------- ------------- -•1 

rlle = rl7 + KAR SIZE 
r6e = TEMP INT 
ao = dsp(*rll) 
*r6 al = 1nt2 4(a0) 
nop 
r5e = rl7 + KAR SEED 
rle = TEMP fLOAT 
r6e = 256 
r2e = waveTable 
r6e = r6 - 2 
*rl = aO = dsp(*r5) 
r7e MINUS ONE 
rBe TWO 

/* 

I* 

I* 

/* 
I• 

TableSize addr */ 

Size of wave table */ 

Seed v alue *I 

r 6 = t ableSize *I 
Pointer to output */ 
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ran: 

ranA: 

s top: 

r3e - ranmul 
nop 
ao ::z *rl * *r3++ 
aO = aO + *r3++ 
r4e = ranmod 
nop 
al *r 3 + aO • *r4++ 

al = int (al) 
al = floa t (al) 
2*nop 

*rl = aO - aO - al * *r4 --
3*nop 

aO = aO * *r4 
2*nop 

*r2++ a al - *r7 + aO * *r8 

nop 
if (r6-- >- 0 ) pcgoto ran 

no p 

TestKarAnalysis.s 

/* rarunul * seed 

/* Update the seed value 

/* Loop for tab le size 

/* -----------------------------------------------------------------*/ 
/* Now use the table to create the output values. */ 

/*-----------------------------------------------------------------•! 

noinit: rlOe = rl7 + KAR RE TUR!; DATA I* rlO points to return data - -
r7e - OFFSET /* load the off set 
r7e - •r7 

rlle - rl7 + KAR SIZE I • TableSize addr 
r9e - TEMP INT 
aO - dsp(*rll) / * Size of wave table 
*r9 - al - int24(a0) I* r9 points to wave table size 

r6e - 256 - 2 /• r6 is the counter(frameSize - 2 ) 
r2e - r7 + waveTable /* Po inter to wave table 
r4e - POINTS /* Constant 0 . 5 
r9e = 25 6 /* r9 = tableSize 

r7e GAIN 
r9e - r9 . 2 
r9e - r9 . 2 / * Multiply by 4 for floa t size 
rSe - r9 + waveTable / • Address of end of table 

loop: r3e r2 - I• Let r3 trail r2 by one sample 
r3 - waveTable /* See if we 'v e fallen off front 
if (ge) pcgoto skipl 
nop 

r3e += r9 /* r3 = r3 + l ength of table 

skipl: r2 - rs I• See if we reached end of table 
if (lt ) pcgoto skip2 

nop 
r2e = waveTable /* Start at ::-ont again 

skip2: al = •r2 + •r3 /* Add two sa:nples 
3*nop 

* r2++ a2 = al . *r4 I • Average 
2*nop 

aO = a2 . • r7 I • Multiply by gain 
aO = *r2++ . •r7 / * Mult iply by gain 
3*nop 

*rlO++ = aO = ieee(aO) /* Place into sample buffer 

Cont: if (r6- - >= 0) pcgoto :oop 
nop I • Latent instructio n 
r7e = OFFSET I• Store the :a st position 
r2e r2 - waveTable 
•r7 - r2 

endit : rBe = rl7 + KAR FLAGS / * rB points t.O host flag s 
r2e • rB /* r2 contains flags from host 
nop / * latent in s t.ruct ion 
r2e I= DO - FFT - FLAG I• set the do f ft flag 
r2e &= -HOST READY - FLAG I• Clear the .'10St - ready flag 
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I' 

•re r2e ;• Wr ite fl ags to memory 

r2e - rl7 + KAR INDEX 
aO - dsp(*r2) 
2•nop 

r3e - FRAME 
ao - aO + • r3 
3•nop 

•r2 - aO - ieee(aO) /* Write Index to host 

end: return (rl8) 
nap 

ranmul: float 
ranmod: float 

seed : float 
TEMP FLOAT: float 
.align 4 
TEMP INT: int 
.align 4 
POINTS: float 
GAIN: fl oat 
MINUS ONE: float 
TWO: float 
ZERO: float 
FRAME: float 

25173., 13849., -o.s 
(1.0/32768.0), 32768.0 
2378.0 

0.500000 
(40. 7) 

(-1.0) 
2.0 
0.0 
256.0 

/*----------------------These a r e the v ariable parameters------------ * / 
.r s ect .. . v ar" 
I NDEX: float 0.0 
OFrS ET: int24 0 
.a li gn 4 
waveTable: 512 . float 
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r 
1•--------------=--=-=--------=------------======-====•=---=--------=----==-=----•1 
1• 
/* NAME 
/• ifunc.s 
1• 
/* SYNOPSIS 
/* This is the initialization function for all of the DSP modules. 
/* it is executed befor the module and sets up registers r16e and 
/* r17e to point to the PRB and the user params, respectively. It 
/* also sets up register r13e to point to the Vfun c tion header and 
/* calls the Vfunction routine (main module routine). 
1• 
/* Author Jeff Boone, Oregon State University 
/* 

/*=====--=-=====---------=-=-----------------------------------------------------•! 
.rsect ".host .. /* Execute o ut of host memory 
finclude "dspTaskDispatcherOffsets.h" 

ifunc: 

goto pc+4 
nop 
oldrl8:nop 

r2e=pc-12 
•r2 = r18e 

rle=r12 

r2e • rl + CD NUMDBH 0 + PHYSICAL 
r16e - •r2 
r2e = rl + CD NUMDBH 9 + PHYSICAL - -
r17e - •r2 

/* r2 points to oldr18 

/* load data stucture address •/ 
;• 1st data structure address (in this case: PRB) 

;• 9th data structure address (parameter b lo ck) 

r13e = rl + CD FIRSTVFUNCHEADER + PHYSICAL /* r13 points to vfunc header 

r3e rl + CD DSPGLOBALS + PHYSICAL 
r3e = • r3 
nop 
r3e += G VCACHE + PHYSICAL 
r3e = * r3 
nop 
call r3(r18) 
nop 

r2e =pc - 76 
r18e = *r2 
nop 
return (r18) 
nop 

/* find out vcache function loca~ion */ 

/* Call the Vfunction (main module) 

/* point to oldrl8 

\. 
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