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In composing a piece of music, the first question that immediately comes to mind is style.  How will this song sound?  What kind of structure will it have?  What kind of instruments will be included in the song?  What will be the role of dynamics?  My solution to these questions was answered in the blues. 


Blues music follows a very distinct chord progression.  The phrases are usually twelve bars in length and follow the harmonic progression:

I, I, I, I, IV, IV, I, I, V, IV, I, I

In creating this song, the twelfth chord was changes to V, because a V chord there keeps the song flow continuous, instead of resolving at the twelfth bar.  This progression is then repeated over and over again for the duration of the song.

  
With a chord structure and a style decided upon, the instrument choices were obvious.  To keep a steady blues rhythm, a classic blues rhythm section was called for.  Traditionally this section includes a percussionist or drummer and an upright bass guitarist.  A simple three-instrument blues band needs to have a piano player.  This song consists of two pianos in the format of traditional blues call and response.


The root of any blues song is the bass line, so that was the first instrument to develop for this song.  The bass sound available in General Midi sounds more like an electric bass than an acoustic upright bass, so the task of defining an instrument had to be taken in Csound.  This is definitely the most complicated instrument in the song.  This instrument is defined in the Csound orchestra file, final.orc.  The particular sound of the bass guitar is defined by the relationships of the frequencies used in the derivation of the f-table used by the oscillator.  To achieve a bass guitar sound, 

The following f-table was created

f9
0
4096
10
1
.8
.25
;bass

The parameters are defined as p1-p7.  P1 is simply the table number.  In this instance, this is function table number nine.  P2 is the action time of the function generation in beats.  In this case, the table is in use from the very beginning of the song.  P3 is the size of the function table.  This value must be a power of two (or a power of two plus one).  This number determines the number of samples used in generating the function table.  For this song, 4096 is sufficient.  P4 is the number of the GEN Routine
 to be called.  For the bass, GEN 10 is called.  This subroutine generates composite waveforms made up of weighted sums of simple sinusoids.  Every p-field following indicates the strength of the fundamentals.  In this case, the first fundamental is of strength 1.  The second fundamental (an octave above the fundamental frequency) is of strength .8. The third fundamental (an octave and a fifth above the fundamental) is of strength .25.

 
This f-table is used by the oscil
 signal generator which outputs periodic audio signals consisting of the value of xamp (which in this instrument is the value generated by the linen
 signal modifier) times the value returned from the audio rate sampling of a stored function table.  The use of the linen signal generator allows each note to have its own rise and decay as well as a specific amplitude.  The definition of the bass also includes p-fields which refer to which speaker the signal is being outputted from.  


Now that the instrument is defined, the score file can be created and the song can begin to take shape.  The bass part is simply a waking bass line that travels from the major-7 chord defined by the blues chord progression.  For example the I7 chord in B-flat blues is B-flat and contains b-flat, d, f, and a.  The bass line “walks” up those notes from b-flat to the next b-flat and then back down.  It continues in this fashion, one notes per beat, in each chord of the progression.   I used the parameters available for determining which channel the sound wave came out of to pan the bass line from speaker to speaker.  This has the effect of a bass player walking from side to side in front of the listener.


Unfortunately, this hand-entered bass line still appeared a little shallow.  The instrument lacked the depth of a live acoustic upright bass.  To make the sound more realistic, reverb was added with the reverb
 opcode in Csound.


The tempo determined by the bass line is backed up by a drum set.  A traditional jazz drum set includes a bass drum, snare drum, high hat and ride cymbal.  There are traditional jazz patterns, usually four bar phrases.  I chose three particular four bar phrases and labeled them A, B and C.  

Ex.    (Play the hi-hat on 2 and 4.) 

The above example (Barrett) is A, and is written in Keykit as 

bass 
+= 'p35, p35, p35, p35'



   
hihat += 'r, p42, r, p42'


ride 
+= 'p51d96, p51d32, r32, p51d32, p51d96, p51d32,r32,p51d32'


snare += 'rd96, rd96, p38d96, rd32, rd32, p38d32'

The selection of which phrase to play when is determined by a Context-Free Grammar.  

S → A|B|C|x

Where S is the start state and x is the empty string.  A, B, and C are the set of terminals which stand for the four bar phrases.  Which terminal is used when is randomly determined by a call to a random number generator in KeyKit, where this context-free grammar is implemented.


The drum part created in Keykit is a midi file, drums.mid.  Using Sonar XL, drums.mid was easily converted to a wav file, drums.wav.  To get the drum part to play along with the bass part created in Csound, an instrument  (instr 1).  The soundin opcode is used to read an audio file in to Csound.  The only real parameters for this opcode are the file name and the input time to skip.  To sync the drums with the bass line, a iskptim of .1 was required.  This was found purely by ear.  In the score file, the drum part simply enters at the beginning of the song (time 0, eight bars before the bass) and continues to play until the song ends (time 176).


Now that the rhythm section is complete, a melody is needed.  Two methods of choosing a melody were decided upon.  The first is the use of a context-free grammar.  In computer science, a context-free grammar is a formal grammar in which every production rule is of the form 

V -> w
where V is a nonterminal symbol and w is a string consisting of terminals and/or non-terminals. The term "context-free" comes from the feature that the variable V can always be replaced by w, no matter in what context it occurs.   

Using a context-free grammar in this musical composition created a phrase consisting of pre-determined one-measure phrases or a one measure of randomly chosen numbers according to another CFG.  For example:

S → A|B|C|x

Where S is the start state and x is the empty string.  A and B are the set of terminals which stand for pre-defined one measure phrases.  C, however is a non-terminal.

C→ a|b|c|d|x

Where a, b, c, and d are terminals standing for one note of a one measure phrase and x is the empty string.  This grammar was used along with the random number generator to create a midi phrase that is twelve bars long.  This file was then converted to wav and read into Csound via the soundin opcode discussed previously.  Now one melody is ready to be manipulated in the score file.


The second melody is created by using the stochastic method as defined by the function created by Jesse H.  It takes a probability table, converts to cumulative array and then creates a melody based on where the random numbers fall within the array of probabilities.  The twelve bar melody derived from this function was labeled piano_2.mid, converted to wav and read into Csound via instr 3.  


After the two distinct melodies were created the form of the song needed to be fleshed out to determine where and how each melody would be played.  A common procedure for jazz improvisational playing is trading fours.  One instrument plays four measures of a blues melody and then another instrument plays melody for the next four measures in a pattern of call and response.    


The song starts out with eight measures of drums.  This rhythmic pattern sets the beat to the song.  The drums are then joined by the walking bass line which sets up the harmonic structure for the piece and also quickly establishes the song as a blues piece.  The next twelve measures is a solo by piano_1.  Parts of this solo will be played throughout the rest of the song, so beginning with it in its entirety will allow the listener to recognize repetition in the following measures.


The next twelve measures is piano_2’s solo.  At time 80, the two pianos begin trading fours.  The measures of the wav file are chosen for their relationship to the bassline, so the song maintains the same chord progression.  It is also at this point that the piano parts are each restricted to one output channel.  In this way, the CFG piano always plays out of the right speaker and the stochastic piano plays out of the left.  This creates an even starker sense of dueling.

At time 104, the pianos begin trading two’s.  The amplitudes of each intsrument also increase with each new twelve-bar phrase.  At time 128, every other measure the instrument playing is changed and the sound overall is getting louder, leading the listener to the climax of the song.  At time 152 the pianos play their solos together and in their entirety.  They continue to be played through separate output channels, the affect being similar to a jazz concert with two pianos on opposite sides of the stage.  These twelve measures are the climax of the song.  They are the loudest and the busiest.  The song ends at time 180.

   The songs major weak spot is its ending.  Western tonal music, including jazz almost always resolves to a I chord.  This song ends on a V chord, leaving the listener searching for something more.  In this battle of algoritms implemented as pianos, the winner at time 180 is silence.

Bibliography

Barrett, Kevin.  Jazz Drumming Jumpstart.    2001.  www.funkdrums.com April 27, 2003. <http//:f.unkster.tripod.com/jazzNutshell/jazzNutshell.html>

Roads, Curtis. Computer Music Tutorial. Cambridge : MIT Press. 2002.
Tomassetti, Benjamin. Beginning Blues Improvisation Pedagogy for the Non-Jazz Specialist Music Educator . April 2003.  The National Association for Music Education.

   
<http:// www.menc.org/publication/articles/mejart.html
Vercoe, Barry. The Public Csound Reference Manual.  April 2003. <http://http://www.lakewoodsound.com/csound/hypertext/manual.html>

� The GEN subroutines are function-drawing procedures called by f statements to construct stored wavetables. They are available throughout orchestra performance, and can be invoked at any point in the score as given by p2. p1 assigns a table number, and p3 the table size ( see � HYPERLINK "http://www.lakewoodsound.com/csound/hypertext/score/f.htm" �f statement�). p4 specifies the GEN routine to be called; each GEN routine will assign special meaning to the pfield values that follow.(Vercoe) 





� The oscil units output periodic control (or audio) signals consisting of the value of kamp(xamp)times the value returned from control rate (audio rate) sampling of a stored function table. The internal phase is simultaneously advanced in accordance with the kcps or xcps input value. While the amplitude and frequency inputs to the k-rate oscils are scalar only, the corresponding inputs to the audio-rate oscils may each be either scalar or vector, thus permitting amplitude and frequency modulation at either sub-audio or audio frequencies. (Vercoe)





� linen – apply a straight line rise and decay pattern to an input amp signal. (Vercoe)

















� A standard reverb unit is composed of four comb filters in parallel followed by two alpass units in series. Loop times are set for optimal "natural room response."
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