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Technical Discussion 
Chapter I: Introduction 
1. Opening 

Computer-generated pieces have yet to be accepted as a form of music by society suggested by the existing praise for artists such as Ludwig Von Beethoven, B.B. King, and more contemporary musicians like Alicia Keys but the lack thereof for computer musicians like Max Matthews, Lejaren Hillier, and Judy Franklin.  Although the history of computer music has evolved and become a field of interest in the arena of Computer Science, many of the opportunities afforded to computer musicians are only in academia.  This paper will briefly explore the history of computer music (outside of academia), tools used to generate sounds and the future of computer music in order to reveal the influences on the final project I created for the Computer Science seminar Digital Sound and Music Processing while attending Smith College.
Chapter II: Evolution of Computer Music
2.1 History: Mechanics to Electronics 


The beginning of sound and recording links back to the great inventor Thomas Jefferson (Roads, 1996).  Thomas Jefferson and Emile Berliner’s “experiments in the 1870s [along with]…V. Poulsen’s Telgraphone magnetic wire recorder of 1898” gave birth to sound recording as a mechanical process (Roads, 1996).  Eighteen years after the era of electronics, records became a practical household item introducing the intersection between electronics and music.  The Telgraphone evolved into the German Magnetophone in 1930.  This allowed sound recording to be an easier task, by cutting the size of recorders down, and more advanced, since “sound recording [was] on tape coated with powdered magnetized material” (Roads, 1996).  Precursor recorders “required soldering or welding to make a splice;” thus, Magnetophone was a welcomed addition to the world of recording (Roads, 1996).

The transition from analog recordings, like Magnetophones, to digital recordings (computer music) occurred in the late 1950s under the supervision of Max Matthews at Bell Telephone Laboratories.  His group was the first to take “synthetic sounds from a digital computer [(samples) and write them to]…expensive and bulky reel-to-reel computer tape storage drives” (Roads, 1996).  With the progression of technology and compression of devices (bulky reels to compact discs in 1982), the face of computer music has changed greatly.  
2.2 Computer Music Tools

Computer musicians today have several tools that allow them to make recordings of a quality similar to traditional instruments (piano, violin, guitar, etc).  Two of the tools used during my Computer Science seminar were Csound and KeyKit.  

Csound


Csound uses opcodes, “the operational codes that the sound designer uses to build ‘instruments’ or patches” (“Boulanger, 2003”).  In order to play an “instrument,” Csound needs the following files: orc (orchestra) and .sco (score) (figure 1.1).  Quotes are around the term instrument because it is the computer-generated version of sounds made by traditional instruments; thus, quality of the instrument may be lost.  The orchestra file contains a list of the “instruments” used and the score file contains the “notes” (this term is also quoted because of the possible lost of quality in recording musical notes) (Boulanger, 2003) for a given instrument in the .orc file.  With these files, the launcher allows a user to select specific .orc and .sco files that creates, or renders, a soundfile.  The soundfile can be played “with [a]...sound editor [besides the]… built-in digital-to-analog converter (DAC) [provided]” (Boulanger, 2003).  Computers are digitally (magnitudes in digits) operated and most sound systems are in analog (output proportional to input).  Thus, a conversion between digital to analog must occur in order to play music.
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Figure 1.1 
The above .orc and .sco files are from TOOTorial, a manual created by the inventor of Csound: Richard Boulanger.  Rendering these two files creates a composition that plays one note for four seconds.


Some of the basic features of Csound are: oscil (table-lookup oscillator) and linen (linear envelope generator).  Although Csound is a great medium, at no cost, to create computer music, “most computers are too slow to run Csound in real-time,” which limits number of Csound users (Boulanger, 2003).
KeyKit


The evolution of computer music has provided new opportunities and options for computer musicians.  Csound is not the only computer music tool.  KeyKit, created by Tim Thompson, is “a programming language and graphical user interface for MIDI, useful for both algorithmic and realtime musical experimentation” (AT&T Corp, 1996).   MIDI (Musical Instruments Digital Interface) “is a communication protocol that allows electronic musical instruments to interact with each other” (Lipscomb, 1989). MIDI composers are able “to write music that no human could ever perform” (Lipscomb, 1989).  The MIDI based program KeyKit has multitasking abilities within an object-oriented structure.  Multitasking allows several instruments to play simultaneously and object oriented provides the benefit of “defining classes containing methods and data” (AT&T Corp, 1996).  In other words, object-oriented programming allows certain functions within a program to work independently.  The disadvantage of KeyKit is it is “designed very much from a programmer’s perspective” (AT&T Corp, 1996).  Therefore, those without a programming background may experience difficulty using this MIDI based graphical environment.

Chapter III: Future of Computer Music

At a symposium on computer music at Dartmouth College, moderator Eric Lyon’s discusses the rhetoric of computer music.  The sphere of academia has accepted the idea of computer music.  Outside this medium, due to the lack of conversations, the terms computer and music used so intimately is an ironic concept.  
3.1 Questioning the term Computer Music

Besides the symposium’s discussion on ideas on future computer music tools, Lyons opens the panel discussion within comments on the rhetoric of computer music.  The public disregarded for a computer’s ability to make music is strange considering that most of recorded music developed uses computer technology.  Nonetheless, the public still defines “computer music [as]…experimental music, carried out in laboratories and universities” (Lyons, 2002).  Lyons is questioning the rhetoric of computer music noting the irony of the influence digital sound has on contemporary music but the lack of acceptance of pure computer-generated songs.  

Chapter IV: Final Project: New Age Big Band

I was able to write a composition using KeyKit that emulates a big band.  I acknowledge the work of Thomas Edison and Max Matthews, whose work gave birth to mechanical and digital sound, allowing music to be recorded and shared.  I thank Richard Boulanger and Tim Thompson, whose development of computer music tools simplifies the complexity of opcodes and MIDI protocols, easing the process of creating music.  In addition, I appreciate my brief encounters with Duke Ellington, Benny Goodman, and Joey Bishop because their bands made me want to create a band of my own.
4.1 Big Bands 101


A big band is defined as any group of ten instruments or more (Brehaut, 2000).  Typically the sections of a big band include: brass, reed, and rhythm.  For my project, the brass section includes three trumpets (alto and soprano) and one trombone.  The reed section consists of a snare, bass, piano, drum, and two guitars.  The last section (rhythm) highlights the two saxophones (alto & soprano).  Besides the number of instruments in a big band, other characteristics are often noted.


There are three common big band characteristics: melody, improvisation and repetition (Brehaut, 2000).  The melody is often played in unison or harmony.  Soloists improvise based on “tune's melody, style, and chord progression” and in some instances, repetition occurs (Brehaut, 2000).  My project, “New Age Big Band” can be divided up into three sections, each respectively representing the different big band commonalities.


[image: image1]
Each section of “New Age Big Band” starts with a trumpet call, the first trumpet call (indicating the start of the first section) shows how melodies are often played in unison.  My piece adheres not only to the common characteristics for big band but also to the “dramatic shape” organization of music discussed in The GEMS Series by Matthew H. Fields (Fields, 1992).  The “dramatic shape” starts with a climbing slope and after its peak or climax, drops at a steady rate (figure 4.1).  Theoretically, the fall is the beginning slope in reverse, which is why after the climax in “New Age Big Band”, section three plays aspects of section one in reverse. 

[image: image2]4.2 Creating Instruments

Adhering to the rules of object-oriented programming, “New Age Big Band” each function characterizes an instrument (figure 4.2).  Instruments are created by assigning variables to a predefined patch (a MIDI patch corresponds to a specific instrument) and channel (each instrument has a separate MIDI channel so they all can play simultaneously, with the exception of percussion instruments that should be set to channel 10).  “New Age Big Band” is comprised of 12 patches and 12 channels (figure 4.3).

4.3 Major Components

4.3.1 Musical Notes 


The notes chosen for certain instruments in the program is based on the “1, 3, 5, 7” rule.  In other words, given a starting note (a), if the third (c), fifth (e), and seventh (g) note are played consecutively, it will generate a nice sounding phrase.  Several of the instruments obey the “1, 3, 5, 7” rule (see Appendix).
4.3.2 KeyKit Library: Scaleng

In addition to the instruments created, “New Age Big Band” also relies on the KeyKit library.  As mentioned, KeyKit is a programming language used to generate music dependent on the MIDI protocol.  KeyKit also provides several useful functions, one of which is found in “New Age Big Band:” scaleng (figure 4.4).

The function scaleng is used to slow down section one.  This adheres to third big band commonality previously mentioned: songs have repetition.  This commonality is in section two and three of my piece.   Section two uses scaleng taking parts of section one and plays it at a much slower tempo.  Figure 4.3 is the code from the KeyKit library that shows how the function is initially passed a phrase and time (time is stored in the variable named lng).  The time and duration of notes within the phrase are manipulated to fit within the specific time.  If the initial phrase time is shorter than the time given, the time and duration are stretched and the phrase plays slower.  If the initial phrase time is longer than the time given, the time and duration are shrunk and the phrase plays faster.
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Scaleng also compiles with the dramatic shape offered by Matthew Fields.  The slowing down of the song’s pace signifies the downward slope of the dramatic shape.  This slow pace using scaleng is followed by repetition, demonstrating the third big band commonality.  In addition to, the steady removal of instruments until the close agrees with the dramatic shape.
4.3.3 Algorithms

Implementations of algorithms were used to generate notes for the trombone and piano, cfgram and stochastic respectively.  Cfgram was created by Professor Judy Franklin.  The version of stochastic used in “New Age Big Band” was created by Jesse Hiestand.
Cfgram

Cfgram stands for context-free grammar.  A context-free grammar “is a set of recursive rewriting rules (or productions) used to generate patterns of strings;” in other words; in the case of the computer music geared program written by Professor Franklin, a context free grammar takes a variable and either changes it into a note or set of notes or another variable (figure 4.5) (Ammu, 2002).
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The reason why the trombone uses the notes generated by cfgram is pure luck.  On a whim, while trying several instruments whose notes were produced by various algorithms made by Professor Franklin and fellow classmates, I realized that as the trombone played notes from cfgram and the guitar played notes, based on “1, 3, 5, 7” rule, it pleased my ear. 
Stochastic

 The stochastic program, for computer music, used in “New Age Big Band” was created by Jesse Hiestand.  Stochastic works like a weighted array.  Stored in each index is a musical note and the higher an index’s weight, the more like that note is heard (and vice-versa). 

The Stochastic program allowed me to fulfill the second big band commonality, solo improve, and the climax section of the dramatic shape.  Since stochastic randomly works under a set constraint, as improvisation is spontaneous but certain notes are played to prevent a lot of dissonance, setting an instrument to play stochastically works like improvisation.  Manipulations were made to ensure that the notes used gave some dissonance, calling the ears attention, yet added harmony to the overall piece.  Compared to Hiestand’s original piece, notes, weights, volumes, and patches were changed to “really express [the piece’s]…emotion” (Fields, 1992).
4.4. “New Age Big Band” Structure

Using scaleng, cfgram and stochastic, “New-Age Big Band” was created. Awareness of the big band commonalities and the dramatic shape, allowed helped with the overall structure of the piece.  

As mentioned, trumpets show when a new section is being played.  Function trumpet_call returns the sounding trumpet that begins the first section of the piece.  Slowly the other instruments are added to “grab the listener’s attention” (Fields, 1992).  Once most of the instruments are played simultaneously, improve from the piano is heard (climax).  Afterwards, the repetition of trumpets, the second section is introduced.  The second section uses scaleng to slowdown the first section’s pace.  It almost provides a trick ending but then, the trumpets are heard again and a new instrument is heard, the soprano and alto saxophone, following the first commonality of big band: melodies played in unison.  Both instruments play the same note at the same time, and repeat aspects of section I in an attempt to keep listeners from “get[ting] bored with the gradual denouement of your work” (Fields, 1992). 
Chapter V: Conclusion 

I represent the future of computer music.  Eric Lyons points out the irony of computer music: stating that so many contemporary songs use computers to generate sound but songs generated solely by computers are not credited as music.  I began the Digital Sound and Music Processing course with no training in music theory but lots of practice listening to music.  I represented the public irony and have changed my language and no longer embody such opinions.  In February of 2003 (the start of the class) I called my short works sounds.  By mid-March, I regarded, and still believe, that all of my works are pieces or songs.   
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Appendix
(Header: Final Project)

http://cs.smith.edu/~354b-ab
1. KeyKit program: recital_piece.k (“New Age Big Band”)

2. KeyKit program: stoch.k (original version of Jesse Hiestand stochastic algorithm)

function trumpet_call(){


	trumpetb = ''	


	patches = progchange (57, 1)	


	trumpetb =  'go4d96v78,go3d24v0,fo4d96v78,go3d24v0,go4d128v96'


	trumpetb.chan(*) = 1


	trumpetb(~) = patches | trumpetb 


	return(trumpetb)


}








Figure 4.2:	The above snippet of code is from “New Age Big Band”.  This function, appropriately named trumpet_call (signifying the start of a new section), has a progchange set to 57 (patch for a trumpet) at channel 1.  See Appendix for full coded version of “New Age Big Band”.


* trumpetb variable is set to channel 1


~ trumpetb is patched with trumpet sound





Figure 4.3:	The following instruments are used in “New Age Big Band”.  See Appendix for full coded version of “New Age Big Band”.


* Since an alto and soprano MIDI patch for trumpets does not exists,


	octaves were changed for harmony


~ As mentioned, computer music allows something deemed impossible in human music to occur: immediate change in instrument.  The other drum in “New Age Big Band” plays two sounds: side stick and pedal high hat.





Instrument			Amount		MIDI patch


Trumpet (*)			3			57 


Trombone 			1			58 


Piano 				1			1 (acoustic grand piano)


Snare				1			38


Other Drum (~)			1			35 (side stick), 


44 (pedal high hat)


Bass				1			34 (electric)


Soprano Saxophone		1			65


Alto Saxophone			1			66


Guitar				2			25 (acoustic) 


							27 (electric)

















function scaleng(ph,lng) {


	if ( nargs() != 2 ) {


		print("usage: scaleng(phrase,length)")


		return('')


	}


	r = ''


	if ( ph.length == 0 && sizeof(ph) != 0 ) {


		print("scaleng: a phrase with length=0 can't be scaled")


		return(ph)


	}


	for ( nt in ph ) {


		# scale both time and duration


		nt.time = ( nt.time * lng ) / ph.length


		nt.dur = ( nt.dur * lng ) / ph.length


		r |= nt


	}


	r.length = lng


	return(r)


}





Figure 4.4:	The following function comes from the KeyKit library.  The comments in the program devoted to describing the function states “Scale the phrase to the specified length by expanding it length-wise, adjusting both the time and duration of the notes.





Figure 4.1:	This shape is similar to the dramatic shape found in The GEMS Series.
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Start 





End





Figure 4.5: 	Following is from Professor Franklin’s cfgram program.   It is a comment that defines whether the variables are changed to other variables (non-terminals) or musical notes (terminals).  See Appendix for full version of code.





# function cfgram


# returns a phrase that follows a form determined 


#   by a nondeterministic Context Free Grammar


#       S -> ABBA


#	A -> cA | e-A | x         where x is the empty string


#       B -> gB | a-B | b-B | x   c, e-,g,a-,b- are terminals


#				  S,A,B are nonterminals


#				  S is the start state
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